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:The., ·mcrrti·on~.-of ~a vertically· fir.ed unguided rocket, subjected 
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t?o· ~l-husq·idal_ and· random wind pro-files~ is studied. The 
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, . . . . r___ - , - --- ·~· . .. -. . . . - . ' . ... 
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..,.. . . 
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-'present;ative f~equencie;; including the ,critical frequency. 
_. .- ·T-:fie m:ean ~squ-ared · va.·lue o~- the· angle· defining, the direc tton 
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place 6n1y· i~ fhat'-~lan~. However, the results can be applied 
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l /:. \j . 
-
I 
r 
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INTRODUCTI01'J 
··statement and outline of the problem 
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"0 _ .__~-----,.,~--~--""---: ...... __________ ... ~,------ ~e .~~:~ght of a rocket can be divided into three· phases-, -,, . , 
,, ' • ' ""·'·-•·••-•""'°'"•"••• ..... •,.., .. .-,,,~.--,.., .... ~-•·-·- ... -"-"'"::"""''"I',,_,·, "·-"'""·''·'-'····;···-:·'""·J'~·-•-----,..~:~·-••r .. •e-.•-,••·••·-.•,..,•~ .. '-,.., _,.,,._,.. ____ ,~._ .. ,,.,-. .. ,.,_•;···•"···""'"-.,..,_,.,.. ,.~_••••• , ..• (, _, ··-···•· • ,, ~·--· ··-•-·• - .... ,.: ... .,.,.,,., ,: .. ,.,.·--··· ''~ ,,,,;,: ..... ,,M,•"·••'""::.,.,., . .' •• ,,. .. •' • • 
, . The·.first phase begins when the rocket engines.are ignited 
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-~-nd -ends when the rocket leaves the ·1auncher •. The second 
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phase. b_egins at this time and ends when. the -rocket engiI1es 
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t')he ~ock8t .hfts the ground or_ it~. \~get.( .. · .. 'i .. . .. 
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We are going to determine the · ben.~vio:r /.7or_· a VE:l-~,ti~ally 
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.fired_, unguid~d :r,ocket. in the second 'pha.s~ of. its flig~t -.,when -
,---1;t·. is sµbjected to captain-wind· profiles •. In the ·first· place, 
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_; '-s·ince w.·e ~re 1-n:ter~s ted, on;Ly in' 't-he .effect o.f the .. wind, we 
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~~-: .. ·. st:.rai-ght up,, come straight down, and land back in' the lau_ncher ·l 
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Ih· :the ·second place,- the wind we are considering is one which 
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bilows hqrizontally and parallel t_o a fixed vertical plane.'. _ 
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rocket tQ a- -·unit -_impulse o.f· wlnd_. · Thi_s resp.onse is the· foun-· 
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dation or· alloour results. It wi.11 e·nable us to express, ·1n 
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Our, second step is to de~~rmine_ the com.piete behavior 
-~ · -----·. -~o-_f .a· )'?°ocket subjected to a wind profile which -va..ries- .. s.inu-
._J, 
-so:.fd:ally with altitude. 
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<:·: Finally, ,ve determ·in_~ the mean :··s·qua·re. of the- angle 
~-' -~-eflriing the .direction of motion a.t· bux-nout for a rando·m wind ' 
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Figure 1 
Descr-ip~tion of the Rocket's 
Mot ion · · -~ · · -- . 
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is the distance that it. has 
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veered from tne vertical drawn 
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thro~ugh ~he iauncher, a-nd r-
is the distance it has traveled 
along its -traje.ctory. The 
orientatio:q. .. is given by {J , the 
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trajectory makes· with "lthe"'""vertical • 
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Finally, the yaw is. giv:en by & , · 
the angle, that the· rocket axis t. 
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·gr?ntl7f ~xaggor.qtes the angles involved., it .does shoV\l t~ ·. 
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positive sii~n con~ention we ,vill use. Also, ,the angles are 
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.. In passing, _we ant1Qipate our results· by saying th&t figure 
l'l \ • I 
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• . <..., " 1 shows q~alitatively how the rocket wo11ld behave if the 'wind· . 
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were blowing from righ~ ·to left ip the vertical plane. - (The 
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. rocket tips: into the w!nd because.of. the excessive action on . d' , . . ' 
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I, We will forget about the·effe6ts of wind for the time 
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. Jbeing and turn our attention to~the behavior of an ideal rocket 
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· to lay ·a founda.tlorf f'dr urlderstanding 'ihe roc\[~t I s motion in 
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. ..,: ' - W·ind. · We begin-,·by wr-:i~ing~ d·ow-tt ·t.he comple·te equat.1-o.n.~. of · 
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motion for a no·n ... ide·a.l. ·ro'c.ke·t in its. powered ·flight;. :an5} para-_. __ ._ ( ~ J 
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<;ioxically enough, these equations a.re based·· on the as·sumption 
that there is ·no wind. After we reduce· these·;·· equati,o,ns to 
.. int·egrable form, we will dete-rmine their ·s.q_:.tµtions _in_ terms -~· '..'. ,.- . ' . - .... _, . r- .... 
of the so ca.11~-d charact~ristic functions- _-of roeketry., of .. 
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~ ~ ........ _}N_hJch we. wil_l make ... great us~~- thereafter. Once this 1-s.,..c.bdone, · ·· r·. . .. . . . .. 
we will return to the, effe·ct·s of wind, for_ then ,'le w111..:hav.e , · 
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- ' 1.3. ' ' _· . . *' -Tl1e fundamenta·l eq11ations of motion of the· rocke,t : · 
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Applying .N~wton' s s~cond law o:r motion to the rocl{&t · 
-a.l.orig and perpendicular to the .direction of its motiori, · and 
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In addition we have 
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These four _e9.11aticms·:ror the.four 11nknowns, 1', /, GJ arid_ l, , 
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.. : ... _, ·:. - \'-,... depend on· the :Collowing, quantities: 
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.. ,: m = mass of rocl\et __ ~-
..... 
- ·G, =· acc~'l.§ration due to jet forces a_lo-n:e 
t = acceleration of gravity _ · · 
_ Ct> = ae~o dynam'i C dre.g ~O ~.f.f~g;_i~n._t_. _________ -·--·---· ........ ·", .. ~ .. , ...,_.,_,_ ; .. ~------=~:·.-~----~ .... , .. _ .. 7 .... ·-·.------:~, •• :.:·- 7 -~~c':~ .,, .. , ~---- .. ~,~ •m ---~,.: ., -rk· 
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.mass is a relatively small fraction, say one fifth, 
of the total mas~ the effects of the .variation ·of M j'r I<.. are negligi~le compared to the effects of 
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The second term to be eliminated is the force of lift, 
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We now compl·et,e · the reduction· of the equat~ons by sub-
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Equat1.ons' (1-·21), (1-22), and (1-2)), govern th·e bel1nvi,.)T'_ , 
of an unguided, ideal roc~et which is fired vertically fro~,-· 
- -a st-a~Ioriar·y launcher into still air. For· a more detailed 
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_.discussion of· the reduction of· the equations, see reference 
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-
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1.6. Ge~;ral solution for (/} 1 9 and b •* 
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2.1. Introductign 
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• 1 • 
-,, 
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SECTION III 
THE DIRECTION OF MOTION CAUSED ' :_?· 
' , 
BY s·rNUSOIDAL WIND PROFILES . ·~. 
Suppose there .is a wind blowing from right to left 
. ,.:-
.,,.,,,,.,,,., ...... 
• .- ~ . I • 
_whose velocity can b.e express-ad a~ a funct·ion· of the. altitu_ci§,by . .--
.,. 
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. . . .. .. - .. " . . ,,L I - . ' 
Ulr)= 1,,/,, CN(l.lff z+,Z) where 7 19. the wavelength and cP. 1~ .. 
•'• ' · •c:=
0
1 :·~,;"':, ··• ._-;.•,,. ··•-• •: • 
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. a phase an~le. Fo~ all practical purposes,.there is_ v~ry 
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.. little difference between the altitude and the distance 
\.. • • · 11. . . • - . .. • " . ·-. . ·-· · \,. :::0 
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traveled along the trajectort. We will introduce only 
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slight erro·r by assuming that .l = r'. Then, by equation (l-20), 
• •" ,H•\.0 
· .2 will be given by ~ ~'L • So that tJ.{2}:::u.co~(1rf,+f,}becomas 
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· ·· where we have set ; (:J-2), 
To determine the behavior of, the direction of motion 
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~~-- .... :itt 'th.is wind, we substitu~e (3-1) into equation (2-2) • Thus, 
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We Wiii lllake things, easi8r f6I' C>\lI'selV8S bj-'iiSing tj iil.steacr---------- ·--
of ~ for the d1].ltmly yariable of integration.-.. Recalling the 
/ 
expression for h.(1,ri)from. equation (2'."'10), 
' 
. ' ' 
- f ,. •' • ' 
, /J11f'1/I)_=: -g1[fc~,i_-C~~)- ~-:,:~~>[+/tlnr)-S/bl}f '~4;:~JJJll~~i,w~ft:,_t~)j _-( < ')~ ·, • • • ' '..,--1:'· • '.. -
.... ,• ,{,., .,. . . .., ) ' 
~., ... _.,. ... ~ .. ,. .. 
' , .. 
. ·, --:;:/- . 
.., ~~,:- .,,, ___ !. / 
. _:, 
. ,-~-,--~-. 
,. 
"'·. 
_ .... ~ ............ -.~·--R--, ........ - •• _ ...... ..- ..... --.· ·.;·. ___ · ...... : • ··-·-·, •. · •• ··~-- •O"h•••-• .O•,--·· .. ,· .. - .• ·,·. • .• '' - 0 ~-·. ', '• 
. ·-·-~--····"·'~"''ff'"'"" • , .... , .• -- .. ··- ··-·-·--·----·--·--· ·-·· ......... ~--·· ... ,.._-·•--·· ....... ~-~·--··---·~ • ..:.!._. 
~ \ ,·, ~ ·r.l: ... • ', 
',' 
' 
. ; 
....... . 
I __ 
, '"'' •' . 
( . 
• 
· ... :, < . ,·.. :.t:Mt'.'.~·:,·~~.,,.~~»$.i>~i,~~ •. ~~~~#~~iit (,, • . -. · 
r: ,, 
·' 
·----.-
·-· 
' ; • , .• a, ;.:..;;· - ; . • •• • ,.--.,< '>•.-;,·•·"• .~-. -··-·· -
,. 
C• 
.. . . "~.. ' . ~ · .. : ~-,_ '··: . - . 
. . ~ 
. 
.. . •.. -r· ... ,-~~ ... . ....~-· .~-~ ' ·-
--. ' 
"' :, .. · 
-·-- ~!;,-;~:-·"1· .''. ------"4-~~--:-.. ,----:--~--- -·· 
• I 
- - ----- -- ____ _!_ _____ ·: ____ •• 
--,-7· - - '---
•' 
---- -- .. 29--.: - l 
.. 
I,. 
and making use of the following identities , 
= J[sin(A1-s);S,ntA-8)] 
' 
.s,,, 8 C().$ ~ c -j[ Sil> (A+1J)=.S1J1(A-8)] 
co.s A - eo.s B = j[co-s{/!f8) .J- Co.s(A-afj _ ... ) . 
/-
Si~ I/.?~/~ B- .... ff~ {A+s)+ Co,s(A-eij 
. . . ,.· ... 
D 
,;. \ , 
:J ,-integration of {J-3} divides into four parts. Thus,' 
7j ----;-. --- . 
..... ., 1/) . ', 
, ,. ·t ' . . ~ .· ,;< 
+- ~;,lf c~'l)(cwf,,TT(w1-,)f·+IJ}+f.la[~r1A1-,)~~,1},J1 
. ,,,, 
J 
J 
:r 
Or 
. ' 
I • I , f 
defining .J.1 , ...t.t , ...l.3 , and 1- , we have 
4-,) 
... ~- ... ·-···· 
-Upon .tntegration,~·we· get 
.:. 
.·· ·:·• ,,~• .. ~s~,; .. ,~ ,:.,,,,,\;" .,. ,,. ,, '", 
--..; . . ,. 
"'• 
.,.,• "'·.- ·"-·'··.··~ ·:~ ·':·''· -: ·:~· .. 
• .·• Jc 1.· lf' J ; 11·.11• ,,1 
. ' . " ' .. ·-· -·. - - .. - - . -· 
.• ,i•, . '" ' ,., . ·,~ \ • 
.. 
-~-
'~-
., . ~ · .. 
' - ~ - ' - . . . . - . ·- ~-' 
. / .. 
J . 
"I, . 
., '> . ·'" . '~ 
-- .... -.~·---
_.· . • c,,.2' 
·' :~----------;"' ___ ,.,_ ___ ~ ,' -.,.,--'"''··.· - < •. __J =•_. '·· _ . ~ L --< .,--~-'- _-· _,_,_'-_ • _ ... -,• t. l: .... __ ,__ •••-" •, .. •,, _ -·· '•---- ·•·- _, ;_ ·-~---:-. :...... .. · .......... , .... :.: .. -- -~ ... -~--'·-~:· .. -'--·--·--· ·--~·-----·--·----.;.,_ •.. •.-·-~-----·---------'-----"'- ~--- ....... - ________ .. ,,. --·---'--·· ~ ·-·····- ·--- ' --- . -
1t , 
_ ...... " ---·-· __ ?: --- : ... --- ------
- ~-
~' 
\~ ---~- - - ... - .. )t - ...., -·- -- . - .... 
~.J-- '.ii. - - -- . -- . - ,J-~_ - ·-·-- ------- ·--- - . 
I 
-------... ·--/.; ____ ·· ... · . . -·· '. ..·-'----...,.. ~- .. -- ')_ .. 
- ~ --- ·- -·: .·, ··, 
,, . 
------·-· . - -·----··---- ----·--- ... · ... - --- -·---
'· 
,J 
-~---·--·---~----' _:'f'." ___ __::""""'"™~~~rn.,,..,;...msiom,wn":'~"""".-.'"""""""'""""""'"""m=~~w:IJl>'.>J~~~=~.....-.~!!!J'i!..IID".OPl''"nm:"""""'.!Sfil.-W\!l.,-"".'-"''"Emc~· 
.. . ~ 
;;';.:~~~. 
(.;\?:'. 
'}\_'.:. ,; 
t\:ti 
. . "--- :,•:,,, 
---•--·•·••• ••• • ·""'"" •••••• ••••••••••••••. ---··-•··--,•·••C""": ·-- . ~• w•-•~•• ·_,_.• •••-n-·- •. ..,-•• • •""•••-""''"""" ••••••"•"" •••"•·• ··- ,• •••• 
"'""" ....... •••••••••"•• "'·"-•••--••-••••••••·-••"u "••-,•••••• •• ••·•••·--· ~::;~~~f~~-
•.'.;·•/~ 
ltl 
1Jr.,-;;, 
. ;·;. ... . ~ 
_.;, 
,.,, ···-.·,· .................. ,., 
• 
. l 
_ ................. ., ... ,, ....................... :--,./t· .. ·-·· ........ _,_ ............. _ ..... ,, .. ,:· .. ''· .... ' ... .. 
' . 
. ... - .. " .... ".,-.'-. ....... --··· ..... , .. ,,._.- .. '. -· . 
.. 
"<· ..... , 
.' r· 
·-~. \,· . 
'.· .... ··-~<· :···"J\ ·. 
. .' . .( 
_Subs·tituting these results back into (3-6) and collll:>1ning 4 the 
. ' ·-·---···-·--···- ............ ·-·--· ... _.. ... .. . .. . ... . .. . I . . ....... ·-· ..... .. 
. . - .. . : . ~'" ~. -· -~- .,,.,..·. ·.:.; .:.·~· . .;.... .... 
den6minator-
t 
, r f (-:JI) e~:6"&) : ~' [c(:, Z:) ~ ~(a~)-.S~l'.J! ')[WC l).S~TI ~ L -Sl)l{ll11~t4-<J.)-.S1~ -lT1/ t~4{1tJrW ~ \~~ · ~ 
, ·, .+ ts(:u:)...r~)+ ~~[w-srl'la71~1 l:i~{QffUJ~1+~) + Cr>s~lf(lCo.!(~~~~,.~p,J] . · · ·· .. ~ { 
. - . . -,,,· 
. "'· 
. 
•t • .. 
- _ +s;J[e«ip.S(u~~)+ .s;~f. C(~e~8J; ~,,,.,.· .. : .,. . ··.···· · · . · · ·I 
.. 
i --r-.·,-'\,, ,· :, r., 
.r ,r.~~ ~- - ·--- . 
,I 
.. .,. , ' " ............ ,, ... 
,, 
I: 
r ,, 
: 
f 
r j 
. 
. f 
.. ........... ,.-- '.-· .. ···-···.··· . 
. ' i_:·:'·::· ·.-··::_:,--_: 
. " .......... ,~-.. 
·-··---·-· --· 
. j 
-~ 
'! - .. --- -~- -·· - __,__ -- -
... 
- ---·-~-· ____ .._,_,__ ....__w 
~ . - - ---, -·· ---·· . ···-·-- ···- ·.- .. ····- -.. ·. - -------. - - ·-- . 
\. 
.. 
. . ' - - - . - .. ·-- --· .,._. .. 
-- ----------------------
'P.'O:•'f... '. 'It,· . ·-·:;·• ..... 
. ' . -· ' . . ~ 
-- --------
~-· ·------·-- - --- -- --- --~-----..,. ~___:_ _ _:____~r ·. - __:_---.3~1-.. :._:· -...... _-.~ --_.:.:_--.:.__· _.::.__--~-··-------===~ 
- . 
' . 
.,~r'h'i!-f(.,;;,w,,1c,o;;,11~1 , i ,,r;:,,~ rmt1i!PPP'i,;,an,.1orm.ou.i."lllt!IH&l~-i...,.b6..ua~, .... wa..'qt11UH:.'t,!fi~hrn;-~™"~:n.V,~-...-i,lll:,,l~;..,;;;.;,,.,=-•-=--,.•=• ;;;;.;;;;;;;.;.;;,efd'H=· ..;;a.a~~=- ·2 -~=~--,~~-~~ ... _, ,._..... ~_.__.._w:..:-......-_.,...w.'IIIU!l,11>1i;..~!l,----ua.~~Mt'~ll'!~ 
. ; 
() J 
Substituting the limits, .. / "'' 
~i 
• . 
-·•···---•---·•·•·••~··•·••""•·-•'•-••·•·•-·-•--••· ---·"'" •··---•-·•-· -------•••----·-•-••-• ·u·•-••·---···--·•-··----•--' --.·~----·,, ---.~<". • · .• • ·····-··-------------··-····--····" ............ __ ,~---······ ······-··-·- ---- ... ·--- .............. -· ...• ,. -- ........ . 
r- 0 
• • :,; -- ' - - i_ -, . i 
,;- ,. •· ...... - -, .... --:·;. . 
.. 
• 
- c,., .s ,.,,1:i1r1;> ~J f [c (:u:) :.C~,: )-~ .. 0:1:jco.s. ~1n;:'- +rs (iq..:S(-11,}+ G~ "' ~~s;., :nr &,:·2_ 
. eo'-1 l4 ,. '"t: , L:: . ~ 'A7tti J .. -f 
(_ 
.\., - :- . ,: . ·- ·- . ,- __ ",_. _ ........ ·-~ _ C:
0 t~ ... ~1+B> f ~~~,)-C(~,):~irfr~~,,"; ~ir,;-[.t~c)-~~,.1+~:?'Jeos ~n_r-;J , • 
' . . ~ 
............. -·- ................ : ........... , .. : .. _ :: ...... .:; .. ;·. -- . . ···..... -···-·-·-·-··-·------·-·---· ·-·--···. · ..................... '-.. ... ---····•.--- .. .. .. .. . . - . .. ... . . . .. . . ... . . .. ..... - ... ........ .. ...... ---·- ....................................................... -·-·· •....... ·- ... -·· .. . .............. - .. - . '-... - . • - - •• -~- -- . - -· ·-· -- .... :-· ................ --- ....... _ ............. ___ "''"'\.·;--- - --:,------~--· .... ._ .. , ''." •••• - ... "" •• -- ...... """"'" •.••• ., ....... - .... _, ____ _,_, ______ .............. -~ff .. --~------···---·---~-..-~ .. ---~· .... :::;,--·······'--· 
.:) n Finally, if we make use of equat·ions (1-42) and. (1-45), the 
,J: : . . V L. Cr 
behavior of e for a roc1ket launched v~.rtically into the ,!wind 
I• • ' I~ I' 
---- -: ~-:- . (-]f) ee:') ~ ~. [~CH ~fs(4{iJ~-Slt~H;J;,sm(). [c(~&)-c(~dw~~. -- - -·_--- - ---· - -_ .. :..~-· -..:_ --_ -·- -:_: 
-;?{~)S1h(:1l1"ty'",1.+f.)'.,(&;,&") + c~,~~1+({) -j~;~) _ ._ .. _ ..... ____ ... .. _ ..... _ < • 
·-·· ,_m• ••• ,'·•-' •·• ''C ,,• ~ •~,;~;:.,-• •v • ,:',we~-~--~--~~ ·-• :,:~!~~~i · . · : ''' ' ( - · ',<~-~ •· • ,.,, •••• ••· • t ~??: ,,,,. -' ·~~~~~ •-
It' can be seen from this that ~-=/ i~ a critical fre--
;-· 
;. - ·'· . . 
-q_uency, since the J denomina t_~·r_ d._t~~ppe_~rs for tu= J 
-~·'·! -.•. ____ .. ,,---,- ------·-------·--·:-;--··--··-- --.--------····--·--···- --·- ·-·-· --. ·- --- ,,! 
- • The .., ·, 
. , 
. ~-
- I • -,.. 
substitution· of W=-1 
..., 
in. the bracket rS-sul ts in the disappear-
...,, ..,. 
.... / 
anc·e ·or that also. -~·Hence, -for~ IA):/ 
. • r 
, (3-7) i~~in indeter-
.. . 0 .. - ' 
minate form O, and we can· not use (3-7) for the ___ !eSJ:>onse 
. ~ 
when W=I • , , If we let #(IA>) . represe~t. the bracket, ·we c.an:.use. 
. .. : -·---';ll 
. . .. . . . .. 
L'hospitalis Rule to determine the response when tAJc/ • 
,,,.,. 
11 --· . ,. - ;. ·: -·~-: 
••'••"-~>c• 0, ··'--- •••• ., ..... ,..,.'-'.,,. .. .,•!'C-•"''•• • •••• .. -• -·--·:"•-.,•••i<,'wJ:,., ... ,-,,.,.,,. ,,.,..,,,h • -••-•"•'~'"'"'"-'-•"''"'"'"'·'""'"""•" ••'•''•••"•'• 
,I 
.. _ I,. I . i 
_ ·----:--.,1i- ,,-•-·••-·-•·,a-••.,_. ~.,..c __ •-·-."··:· _ - -- ~------·· -----· -· ·--- · · · ·_· '"rf· · --- -·-···-------·-----·-
'"---..___· .b ~ ,,! . 
- ~ 
-' 
-·••·---~~~~-•, ·-•-•A• • • ~ ·--- ---·-
~c-:~-eY~ ·. 
,.· - ----·. 
~ ._..~;, ...... "" . 
or 
" . 
,IQ,, • ·-~·-··· ,,_,_,.,_,~..,.., •••••• 
'l . 
t . : .. 
t 
! 
" f~ 
. , 
~ 
.... 
; .. ~ - .· J 
... ,· .. -
. ' 
. . t ' :· . 
. ' 
' 
j ...... h• 
., 
• 
. ~ .. ' :. . 
..... -., . : .• ,..'":, q,.- ;~ .•• '.'. ~ "") ' .... 
• " .-..·, p • ~- •• -
'» _,.,, •.- .. ·. 
'"''" 
, .. 
{,::-
............ • ·...r-~ • . 
"' . 
\ ... 
;y.:· .-- ---- --- - -·· -· - --· --· --· . - -s • ~ -·· ,. ----'----·- ·- .--------- --- -· 
f{ ' 
/ 
. -- ---- - ·- ------
I'. 
.. 
. ., 
.. ···:--·'_·----~ ~;"'"··;.: -,., ·--:· 
- •- :;• __ ;_ __ • • ••--·· •,•- •• •---,·.-,--~----::--: .... •- • ~- .---~- •'.·,•--:-• •- ?' • ... ;.'• • o• o•••,- J,- •',"•••:=:.-··: -.• '-+•)••_;_,, ~--·-"'••" •.;••,-'•• .L.--~•-•••••-••- -•·• 
-32 .. 
.•.-""' 
,. 
I : 
[: - -- -- -------·-------·--· - ____ -,-. -- - ·:__:_::· - -_____ ~~-- __ _':_-~-----~----'c.-~ -· - . - .. 
····--~~---~ 
.. - - -- .. 
-· :;.-· 
' ~-/~· 
- '-:->-----,---,-~~~, 
[:. 'r-~- . • - -
~ 7t:Yi":'4Pkl:i:a~"t-.itf rik~'PP!Ml:fflilttitMM:/;et1¥1P:tl'l'nc'l·~-'--~-"t:'.·.·1+,•·wwrllMW:~.".11 .• "'l'lrlCOHII' Mlia'N«fll!!NI .• , .,..,cq·,....,.;..,,.a,, OP!rt''trrp;awr Qt:I -· 
-·---
--------:--~----- 4>;~. 
- '· 
. ; - -~ 
- > 
. ., 
Now, 
_/ 
- -
,~,.C§-Jt.l~•~.,,'., ,,,-,•I , ',, ... ,..,,:;_,., <." ·.J;.",;.' ",". • • ~.' .• •--'.•>), ,.•r• 
T9 ii' f.¢/, ~s, ti.? rrw i 1 J j )- 2.s r1121rio};"' ( .ffJ )] ·-~ ·.·:, . . ~ ·, . .., 
+ Jw' .s .... PJ?~~ trrfl.> ;"G.1) -~ c.o.s o1 nw &'; ( t)] . " . 
• ·, -~~ ,.. . :.r 
.. 
\ 
•• . . . "·T ·' . . ' ...... •. , . - ~- J: ,n_(;mwr;+f.) ~~f) - zw~rrr;) Cos(:i1rt.ot~+,P.) e-, Cr:,..~) . .· " 
•.. _ . . . 
1 
• . . . . . • _ _____ -~ _ _ : __ .. ___ --~ °;J Jr~ S I i.,'(.tlrw~,.a.+ ~), f:\(r;tJ?f),. ~ ~. 2 IT~; $ 1 kt t~ JJID ~ ~4>.) .'.. .. .. /--··, _ . ".":.c.. . . . _ :. . 
.Ji,, -:tff&; ~"C . ~ , 
--. '--• ·- . - - .::-::.;:- :. - .... ·- -_: ·- -:. __ ;;_ ·- :. _,.; -- -- - . . ' -. - - - -- ., ,_ -- . - ··-. "'·' ---··:::."··· . .: :-· ... ~-· . ·--·--- i,.~· , ..,. ···-·· .. _.,,._. ·-··--·---· -.-·· .. ' - -' --·- -
0 
- --- ·-- ·- ·--- ~·,•··- ; ... ,-~ . .- .. -... . . ' .. 
- ·····-"·' ...... _ ..... 
Evaluating this· for IA>-=! , simp·iifying and.- substituting·. the 
.. . 
--· -----, ~~ ,-----=.~==~cr-e:su.1 t~ !nto~=n~ ,-,---we-_. obtain --~. - --- - - . -- -__ -__ ·"-~----c---~~.c_c.,~,~- -c___c;-.-~c--~~-- ··:-- -• c-~=-.-~-,~~--
.. .. ~ . (J) ~~~1;): {[c(:zc)-·C(;r:,.~[~~-,r~u,~~+ ~'1&)-·S"i,~[~4',+lT,~S1h~~ . · ·- . 
• . .•. ~- ,.,,_. "'-4 .•• ,., •.A.~.s • .,., ..•.• -~ •. •• .. -·· .••.• • •.• , ...... , •• :.J~!r 3!'~(~!~J.t.~t. "!-.~o~ £1"1f!~!~~~.t~=·,,•~m~·~·.mn,c=•c=••»"·:-m•~=.,:,~.: •. ~_,,,,o.~,•-,;,,".~ I 
- ~,·~ ~airr;i-i:~) '=j_ l'°P..r;)} ("3-9). 
--.- -~-·.: -·- ,· 
1-, I -1 I ·I I 
In { 3-9), we have the response of·, 8 to a wind ha:v:1.:pg: t·he . 
·/ 
J • ~ • ~ - • - • 
cri tie_al frequency of 1.).):/ • 
.:::._,.· I ··- -~--
~--···~---·- ... 
,\~:-,· .. ,,,.-~ Two special cases.of note are: 
0 
. , 
' I 
··· ········· ··· · ·· ·- 3-a •....... If u{2) = 1.,(0 .~os_ o1w[i · • . ·,. '.then :t= t:, and {:)(r,,z;): ~(,.;.,~) Wht):t'~ 0 _ • ••• . .•.• • .....•.......••. •• 
'-. '"I•"·~ 
,,. 
-. -·-··t. 
;- Cos;?11~f, 9.{~ r:)2 ·f _ /.,....L ,~ ._ _{3-_i_ a.) ~ ,,.. ~ r ~ ' J or ~ ijli' 
.: ••......... . , ...... , .•.. :· .: ..... , ...... ,0, .. .- ..... •••••"•.:-·'··••••• --'-•·-· .................... , .•• >· .•.•• .-•• , ........... -., ••••••••••••••.. •••·••·.•- - c- , . - - . - .: ..... ,.·.'......... • ., ... , .• ,,. • ...... :,.,,.•••••··•·-'••'•·••••••·•••·-•·"·•: .... ......-·F••,,t,,-,e .. ,' ···· ••·•• • •·••••··•••••• 
"~ 
. ~·-¥'•'" ..••. - ¥ .!.., •. ,,.,. ....... , ••. ~ ..•.• , • • . • 
- . ___ !'_. __ ,_, ----·· -·"~. --·---· ----- -~ --·-
. • . ~ --.- --· -·--:·..,.---~-.1. --- --:--: .. _--~-,_:-~--- ... =.:·~ ' - - ' --· 
- - - -
-- - - - ;.. • ., , •. Cl .: - : - • - - - - - -q ' - ' - .• - ,r-• ' 
. (. ·.· . . 
. _,, _________ ..,.. ... __ .!·----.·=----.------·: .-- ·-· .. -
-,: . I 
I '! 
... 
-,!<; ,.,, .. ,,,. ·-···-~· 
. ,- ) 
Q-
.,.;.: J' 
. . . . . . ., ... 
- .. . 
., ·1' _ 
..... • :.• ... · .. ;·., .... ,. 
' -
.. - .---1,-· #.,,. ~-1·----------.....--·--
• ,t' 
i: -, 
C -
• I ~3-
_//<· { 
---"·----~~- ---~-·-·· -·~--,~f.~(·-:.-.:·_..;_-. _. _______ ___:,~--::-----:--~. -./~,z:::,--======-:=-:=·-::......_, ---4-\ ~· ·t=· =======i 
·\...··,.) 
., .. . 
- ... -~- - .. · ... ,_.! .. - ..... --·-- __ ,,~'--~'.•"!,.• - ·-
... 
; 
. 4l 
' . 
3-b. 
' 
. . . . ,· ·. (~) ~~1..:r.a>L:i{~;~~;A>r~~.f:!6&)-C~•r,J] +2Wc~~~rr(4~,(~&) .. ·. __ · 
__ · ···· ·· ······ ······· · :. : ··.·: ··. . . . · ··· . +:.r;;..2_ti~( ,:~r:)? 1 . for. ~FI·· , · \'. ~. ·. (3:s 7 b)-, . . . . . ; 
11-• . fi~) 6l~~~) = [-4 [cfa&)- c(a2c,J]..:rr~a. [~c,")-J ~~ +-j ",. c~.s~nc, 1. . 
. -{f Co:,:nr C ~ + Cos <TrCp? ' ( t,.., z:) f 
1 
f.,. (:() ='/ · . (i .... ~ ·bs ·--~-- . 
. . 
There are two more special cases which we will use to 
·- , ............. -. - ............ . 
t 
1 ···:=··=,·=-~~ .. --,,-~o=='~'w;=·;;;;;~t·~~;.,··r3·:{;.1:·~T3:7b r:n··r3·:90:5·;··,or··'"('.j'::9bl'"'"fO'r'"-~ihrS·;=,·····=-·,,~,0'-~=""·-~···•~ .• 
i - . 
eXamine the effect or the ·\.r!eciuency on the direction ·or motion~: 
~ 
' 
,I,_ 
. . ' 
.:, ___ --
.·,· : 
' . /' 
- ........ . 
,· 
purpose because t,he effect of the phase angle, <(d , wou1d 
" . 
be. brought back into the picture inadvertently ~by, the length 
- ',: ... . 
of the launcher., Indeed,-; the rocket .doesn't sense the wine .. 
~ 
until it is.completely out of the launcher. H~nce,-to com-
- , 
pa.re_ the effects of different frequencies, we will choose fl. 
. -, 
' '-
. 
' 
____ ~o th~~ _1ill.~ W.~P.4 p~-t;~~~~---;~ eit·her a pure. sine or .cosine wave 
, ·beginning at the ·end of the launcher.··-· -
·3-c. ·_ If· we are interested i:q the effect of .:a cosine wave 
. ~ 
beginning at the launcher tip, we must choose '/2 such that 
~ ~-.::::--~ 
.. ' . . . ' . . ~ _. • . L. r. 
- __, 'li : . 
• ._. ___ ~.uN•-·~-· •--• - • ~-· - J.- ..... --~ ••' • • •' ;... - / ' . " O • U. ·. ····~- : .... , ..... .. 
./ ;, ... ·- ... . :~::·,:.,:~-";I.. 1' ,, ,I,,_.,,·~ - •• 
--- _____ . _ _,. ____ ... ..:~- -- ·-- --~--~-~-'· -•- - ···--· •. ~"'. (~ ...... -- - - - ·- : .. ,·: .. - .. 
,_!•"':'I,.. ,,., . :,,•·'f"'~"-~ \ • : • ·• -
~- } • . •. ,°ll,w • ,. 
: •t, 
t ' .. , ~:-·~:-· '_, -...... ·4 
'!. 
.t·" 
' I 
·" 
\. ;I.. I 
I \. ·-
. . · .· - _~- ~-· - ·.- .... · _,.- ·.· ··:. ~:- . -,_ .• _ -_:_· ·-. -----~--> ___ -~-- __ .... _. ~'.. .. -~ ~---- --~=-~-'L~/i''' ~?·'·:~~:•·s··}~:. 
. . .. . . . . ~if.~>-:;"! 
(,;)Ii ' 
ll . 
·~\ . 
__,. ···-·--~~--~-·""':-·~ . ~ 
"· 
1 
' ~ •:,;. 
.··· .. (,< . 
" ' . 
\ . .. 
, . 
. ·a 
--- - --- -- - - - - .. "·--- --- - -·- ~ - - ... ,--··· __ ,_ __ .. - ..... ----·,·-- --- .. _ ............. ! ........ : ..... - .......... ·-··- .. ·-··· - ............ --- -
., 
. :~ . ·~ . 
. i?. __ .... ·-·., ~· .. 
~-··· ... . _i.~J3 • ~ -= -~Tf.J&,i. • 
I • 
... -
:._-:--;. ,·_·--': .·· 
' -
'l'he·n ·exrpP)= ~~~) where 
' 
';r , -
-
, . 
. {~)$c(ii,,r) ~ 4*, [ co:::~!.e,1>+~eas.?1rU>~[s(:2~c)-S(~,;} . ~ -~ · Uo - . . ,, ... 
. .. . .... -· . 7 '•, - .-... ······.- •. -·- .• - ' • 
- i,i.Sih :ll16.>,~~rQ'°7!)-c~,M~J ~·- • 
- ..•.... _.. + co.s ~n~'ff'-&/) ~t:)f, 1 for IAY~f · . · · -·~-{3-7c) 
.. . 
-······--····-·""·"·· ·-·---··--
'" .. .. . . ' 
.. '(3'-9c:). 
3-d. 
~ 
By a similar argument, if we are interested in. the effect. , ... 
... ·- - ' . _ .. _,. __ _ 
' { 
' . l 
I ~ 
\ 
' 
:? 
,; 
' 
., 
/ . 
:; ! 
J i 
\ I 
· --of a--sin-&-.Wave beginning at the launcher tip, we must ChoOse } ";; ~~ •cs-~:-~,--"-~'"'," ,~·,: . _ _. '' . · 1.,,,. sf · • '" '"'~,~~W, . . . . .. ~.:~• - . .. . . ·- l\t · .· '· . . . . , .. ' . . "/~. ' '.1 i rt- ~~ 17, • ~ '4-<-.-i.~ .. ~dle.I'J.L.,~,~~-->~,MM,,,, .. ~,,-,-~=""'T'·=~-"1/ 
. . . . ~· ·' .... • .~ i 
f .J)1~~r:) = cii £ ~·~~~~) +~.s .. "1moz;l<:i~,)-~~~~ +~(.Qs~~,-"-[.c~,)-c~,3_]- , _ 
· ,, ' J -+- o?~ ~(~r;)? , for t.v~ I {3-?'d): 
-· .. .. (;J)~\··,:J: ·r [c(;11:)-C'1&,~[ai11r;,':.:rr~s1Ya~T1'r;;] +[S(:t~)-S@t;.~[~n&;-,.,<-eourrc,.'] 
. · · _. J5- ~ .{f1Cos:lff(r;!:r;) + 8,-(,;,,.,r;) j, -fo..- u; == l · {3-9d). 
-- - -- -- ----- .... -'l'he ef f e~ t ... of v.arl:t>us .fr e quenc ie s are . sJ:i.Q'lffi. in figu;r e .. ... . .... · ... ~·- .... _: ___ _ .. < j 
7 where (3-7dl has been plotted for a. high f'requency,·W=+ , 
and a low frequency'~ W=/,, · together with (3-9d) for the cri tiCal .. 
frequency~==! as functions of ~-?imensionless altitude 
t=t~· o.ne of our most 1.m'.port~nt .resul;t,s i_s fourid here.: .•. the . , ~= ~ 
) • r '; ... -~·.', ... -- -·--~·-·---.. ----... -- ........... ___ .., .... , ... - ... , ... ·-·--·-··-·" '-·--•, ............. -... :.~: ·.·:.::::··- .................... - .............. _.,_ ·-~-:;·· - - --,--· · .. -..... ,-------··--·· ..... ~-•-··--,-,-·-···--;·-··- .... " .• .,.,, ••.•. ·-,-,-·-·-~==-------~~----·-:-- .· . ~=. r;; "'.;.! \' 
, ~''.'"(:,., •• ,.... . ':.vf. ' . ,' ~ 
...... ' . 
~ L,.':,". - ........ ..:,. ...... ,... • ••.•• --~ ' ,•.. :, ··• ,. • • 
' ' 
,.!• ·:• ,.,,,,, 
r 
·~-........ ----.·-·-
•. . ~ 
...... _ •: ,r: : • •.. , ·-
~ ,_..:-- .:-· .. ' 
' - - . .... 
c,, ., . 
. ·-~ . _.Jr 
•·:··: ,",w•• ,"'-
.... 
~···•-.'." •.·-•.·:· ... ~,;·;._;._ ......... !'JJ~:.·· .' 
_,. 
-- .. '"':""' ., , . "· ... 
.. ... 
,. 
--~-' '••·. 
, .... ,,. ' 
- .·... • . ,. ........... _ .. ,., •.. _. · .. :.,_, .... ,,·i.'··.·.·., 
. ' . 
. :.- ' .... ' .,.. ...... . 
,q J>• :-·' -.~,·, .' \ •· !•' ;-.·;' ., ._.,,, ,-,, ". ,,- ,,,"'·_, •;.~·--;:;.'c:.•,,.;.~· ·;,;::.,,·-,::,,-',';_'<;,' j• 
...... 
....... ./'.,• •.-<.•\,,,_..I -1\i-f •II,-" 
. I 
0 
. ~ . : :~ 
I<· 
'\ 
._;.., 
fl: ...... : • ·-. "" •• l • ·- • ··•.• ... - •• -
. 
' _ .............. -······-···· 
···" 
-35.- ff' . 
/ 
,j 
_ .. _.,. ltlli< "'"" 
-----·- - ------- ------------··-·-··· --· ---------------- ·--------·--·-·--~---~-~------------------.. ------- ------
~·lll~:tJ:.ll~l~~'tKl!fHti'i~.l'Nlffll!l'~~~IIIIL'flrLll.ftlN.lll&,,,i!li:'>IJOlllUhlllhO'+ip1t"lf,/P."~laua-.~ll!Ul~-ll™>ml.1'1lall;iU,ljll.l.l.OIOU>UllblilDllll'Jllmlll.Uff.l - · . . . -
· · higher the frequencY of · tha"-willdpB.ttern,--th8"l8"S-s--t11e· -ey~- i.J l3 ;I 
;1 
1, .... - ~ 
. . . . . .. . - . ·- . -. - . . . . -- .. .. . - - .... ·•-- . -- ·+-- ... ~ 
on·the roeket. This means for any type of wind profile, that .. 
. 
··········· ····· ····· - · - · · ~St of the rocket's· response will be caused by · the · mean wind; 
) 
and, th_at high fre_quency variat'ions·, about the mean will hard-
!? 
. ly have any effect on the rocket at a11. Figure -7 also shows 
that the critical frequency, r;.; =I , causes very large oscil-. 
~ ' -
lations; qut even so, ,tl1is frequency still" does· not ,-a1.1:se· the _ '-
• ·-· • • • •. • •• "' • • '·•• A•••'' •~•-."o •• • ••• ' • • ••• •• • .- ••. :: ••~•'•• •• •• ·-··-••• •-••• - • • '.7"' •••• • '• •-• •••• " - "' '•-• ·-· ••••••,••••-•••••- ·o-:'<••OM~--.;;:.: ••. ,.,o ··--·••••••••••• ,,o '0 •••• 0<>•-• • 
. ' ' . ·-.' "" ._,,_ .. _--·-···~·-· .. -....... ~---.. ~--·····--··········"··~--~-. -· ............... '""""'""""" •........... - ... ----····· .... -
-
-· ..... , .... ,.,., ........... --- ....... -· . . 
· rocket. to point away from the vertical as much as t~,e lower 
' - "' . . . ' 
. . 
frequency CAJ=J • The oscillations for all three frequencies ""' I 
die out, even ,though the wind -continues to oscillate. 
The· -two· curv-e·s of- f igur-e-- .. 8. al-s-o show -that -high frequency . ,-- __ 
winds have lit-tle .effect on the rocket. These; curves indi-
... -
L cate the values e.S 8I)d ec: Would attain, at an in:f inite alti-
tude for any frequency of wind -input. . " 
. . , 
- ~---- .,_." ...... ,- --·· -~. u, '"';\_,,_._.,.,.,_ _.,;:.,:,:.,: ..• ,,,, •• _,,:_ .;,; =r.p,-7,,--7e7-c/'.' : .'!4;,-~·,-"'IC"',~'~~-,=·--=c.;~(~--c-:r.,,:'TT-''O.;-:,',;'Z'-. ,:-... c'~:.c-PT"'7~~--': ~.~c,•r_:,,..,.,,_.,. ... ,,_-T'7.~~---7·•~'"'7'7~'C-~-- -~ . . ·' -,.~ - --., -;,~,~·~' ~·,.,-·~.· .... ,,. .. _...., ~.._.... - . . ' .. - . . - ' . . . 
··. · ·· The effect of a C phase· shift iS~na:Ica1'.:eO:"!n~1:n:1t1r~=-,..,-,~,*-"."-~'"'··z=·= 
,,, , ... 
! . 
! 
t 
d 
: i . 
/ 
i 
figure 8 and .f'igupe. ,9, where the variation of ~ and ~c: 
j I ' I • J•• I ,I I I '• 
with altitude for ev=.l is shown. 
1- .I 
....... 
·":';-,· 
,· .. '"! '."-,ii .• ,\ • 
., .. ·'.·, . 
.. 
'·, '····• ·• • •• ;.,., ·•·· .;. ·•. , • .".,: :; •• , •. ;.: ,""' ·••••• •• ·• · ·'""--'• ·-' •··'·•·•~•-•=• • · • • 0 ·•,; • •• • •• ,,,.:.: _l • . •',•: ", .. ,, • ,;, 1,., ••'.,.,,:,. , , -,~ Ov • •• ., ,.,.•. ~•, ,o. •-· •·~···••'""'' .,, •e,••-·•:• -~ .•••. __ , ..••. 
. . . . . ··:.'. -...... ·.-· ·::··· 
' . . 
-- ' - ---~ ., .. ·- .. - ••• ••••"•.••• •• •• •,·" ·•-r••••-••••- -,~-•,z•: ¥,•~•·,,- -h•~'•••••·•-•••--•••I••-,•-•--••'-~•,- .,., •--··~•""••~•.- .;:••--;'••-.-,-•. -,-•• ,-----•••• - ••• --·· 
J--
.;,, . · .. 
.(:. :• .. -
"'' . '• . 
. .. "• . . "".' ·· .. ,·:~ ....... " . ·:'. .... ,,:",·,' ..... ,
. -
. . ,i· 
.-
. . ' •. . ·_, • . 5 < . ' .' .. "... 
·---··-, ...... _. 
, __ 
. t .,... .... · --··:- : 
··- ..... , . 
,1, .. 
' ' 
J ,.. 
. . . •, 
.'.,I' 
--
., 
•••.••. ;, ..... • ... ,. '• J, .•.• ,., ... ·. ""'..;,~..:...:.······ ·····-· •• ~--··-·· ..• ,. il,_ ...... , ..••. " ' '.,;. •• ~ •• , •• , ~ --· - •• 1.: ··- .·· :, .. _ .. _ :.=- ~ ...... _... ' 
' '' ... . ,.··: --:·-·;. -~,_ ........ ·,,:,"• .·, ·•.-• .. .. .... . ... . ..· •... ,. ..• 
-
.~ - . 
. !I' '.'P,U\"*'.'', ,., . 
. . 
... ·• 
........ •., 
<', 
.\ 
·: . •. : . ~ 
. ... ·; 
,• 
- ....... - ' ;._ . , .. ''. . -"•·: ... - ,..,. .. ·' -· . - '•• . . .. 
. . '3'1' 
"· 
" _ • .!, _;. • , • • • ;_ • ,, : •• ··- ·.--~· 
, .. 
.• , .. , n•~ ' 1 
.• 
,-r J 
-' 
. , 
, '· 
... 
. ~ 
·~ _0_. -· 
;, 
' 
...... i~····· ·~-, 
I "-.;j\ 
,,, , .. 
/• 
10 
4 
2. 
. F , 
-· 
' .. .,. •• '"' • ·-• •• f'":·• .•·• .,_. · : '~-:-•-.,_: • .., ~ • -·-·~• '•''(,,.Ji. -• _',.,.,v_, • r .. • • "-·••· '.L,,, 
·" ( 
) .. 
,,, .. ,.,,.,,:•·,". '·';'"'-".·'.'·.,,,"/ <• .,,, ~. ,, ..... , •• , •••.• , •• _ ''. 
(' .......... -:-.: ,, 
! 
_-( 
• 
' •• ·~·. ~-~'dJ.,\'."" - ,., •..•. 
......... ., ........... ,_ -
' 6 
·Figure 7 
The .angl·e defining the direct-ion 
rocket launched vertically.into 
profile. 
( 
:~. 
Y.)'· 
r 
'"""·· 
r 
.. + ............. . 
Figure 8 
a 
The angle defining the direction 
' ' .•. ••'. . .. ·"t· ~ • . •• 
:; . ... :: 
l -~ 
-: v• • • ,1 •,t,--..1 , , •. _, -, t,,-,·.} 
" . 
,..,--, --~-
,.1 .. 
r . 
1! 
-
··········e······ ......... ......... lo~- .... s 
of · -mot iori of a 
sinusoida.l w~ind 
._ ...... -· ..... ;.' 
..... ""·;_:,};;-:. . -·.···: ··· ... ···-·· .... ~ .- .. 
..•. ·.-;-:,. 
,. 
w· . 
"'-. 
·J. 
·/ .. '. _.,,, . .,, . .,, .. 
. ............. "JQ __ _ 
.-............ - .. ,. , .. ,.,.,,,, .. ~,-t--••:••''"'"'" ....... . 
. . 
of ·'motion ·-at ·1nr·rrfit:v;. 
- ' ............. ····h:,·····-·.J,-.C.••., ... · ... - .. ,., ....... "_:··;" ~~ .. "~'---·--•_ .. '-,,, ... ,.,,. .. _ ... _.~·.- ............................... , ..•. 
J!' .• , 
.~· ., 
,,.,' ....... 
1 .... 
·.) 
i\'1~ 
;..:•.l_ 
::-.::·,:·. 
:,l}'. 
. -,-.e"<-· 
1-· 
•J;n,~.·~,:,. ·'·" .. 
. .,.,, ••• ~1. ....•.•• 
-~,. 
' ~ .. , .-:, _ .. __ , . 
~ ~ 
,< 
~ 
"'''-' 
,~"'I~ 
·. I 
12 
8 / 
4 
0 
V 
-·--:--------· _. -.----__ .---- _. - ----~-____ ·_. _. _·_ ~----~·_.,~_·: 
·' 
..... 
~ .. ·~ 
• 
.. 
0'5 
... , 
. ,.,, 
.' .. ~-
- -···=···•-"'-······-··-·-- .,.,.. ... 'It • • ~ -·--• •••~ , _ _. ,,.~ ~- ·•''"'"_.;.·~:.._;__,_._,~-· • '· ··.,·. 
,.·.. .P 
-·--· .. --~. ·- -... 7· - ·-·· .•. ·•-·· .. ••··· ..... ,_,.:..~ ........ :. 
L~ 
-.:J ._. 
-
...... ~ ... ,···~ ~ ..... -,-:,, 
I • 
2 4- 8 ,, ... 
.. Figure 9 
_.,....4.. . _ ,, _ C. . . _ 
···"·"-···•7':""""<;.,,.,'.~~,,~~·"·7·· =·-=-~·Jt7comp~±sorr"O&t~~tne~P8S_.ponses, 1n .. a. ·~S inuao .i.dal. ·='"'7·=·· •. '.~ .• ,,,_ -r· ... , .•C 
wind profile and a ·c_osinusoidal wind profile: the 
.r' 
,, 
~,· 
•.. ~ ........ -. ..... ., .. , ... _ .... ~·-........ -,.,.~,--.·" _,,,-- ............. : 
~-
~- -6- .... ·~ ... 
effect of a 90 degree phase shift for a low frequency 
wind. 
·, . 
.·• ·,_ .~." -... ._.,,, - -··. -·~"'~·-··.· , .. --..:--,.. ·. ........ .. .... ·.···-~, 
. ·.;...:..:...:.-.-. _- - --:-•,:.~, /• 
-~-
.. 
... 
t. C, ·;,,. .. . :.~ .. 
......... ~-: . :·~. 
-i~f 
' ~., ·~ ..... ,· ...... .:~ .-.c:;;;'-
-., 
._.{1 
,• ·~ 
.f 
"''.' ""' -~•,. ""'·"'". ,,,, . 
.. 
. -~ 
.4 ......... .
••• 
.., 
;_. 
' 
·:···· 
"·' ,! ' ; '" .,•,• '"•";. '1'·011• ~-'•-" -,• ,U• ',,, .,v...-<•.ww •••I'•,~\ ,'•.•l,'o>,,_..~,, "'<"•I _,,~o.V>• ,., . , ."'-' _ ... 04/ _ , .. ;., • .':.~:~~:,.._:,·:~• '"'" ., 
:I 
\-~ 
:!~:, 
l .. 
·;(. 
... -r 
:"I ,\ I -'..1 tli f 1~ I ~ / • I,..__,,, 1 \ 
,:, 
\. 
., 
I 
,I 
I 
Ii 
i 
I 
:1 
r .. 
,t 
'• 
) 
- : /J. . 
• 11,. 
. ~ ; 
~ 
-~ 11::~-~-=· -~~~.,;,.,::;.;:..,----:-~__.....;_~~·-~-·-~- ~~~====~==-=~~=· ·=··--=-==·--=-·-=-=--r<· -:--·. ----·-=;.;..=·m:""""'.;-~: .. :;~~·-· ....... --''' -......;;· ---~--~ ....... ~:··-·~~' '::"'~' c~,~a-~ -- . < *' .:;, 
tJ 
--- --- -------·-----~--~------~.___:__ __ --·---------+------cc-----· -- . . 
--~-·--~---------~~---1.·-----
-------·--··---·-·-·-- ···-····-· ......... - .... --·-·-·········----,·· -- - ·- .. - -·-- -- -···-- ---·. - - -- -- . --- , . ··--.····-·-·-·-----····"··-·::·--··-'--~=-::c\ __ ._.,.-·-····--·-----.,;, - ····· -- ·-----·-··------- ----- -·-·--·-····-···-----"--------"--·,·------.. ---- ------------- -=--- -- SECTION IV 
-
. r;,, • 
. . 
------- -
- ---- ··------- --· -~---------- ----------- ---~------------; ____ --- ·-;--·-~ - -- -· -- -- . -~----~- -~--- ---~ ,-~-.. ·: - ··-- -~ .. -·· .. -~- ~. -,~~~-........ ~ .. -' .. -.. --~ . --·· . -~ --- .. - . - ---- -- - -- .. - -- ------------ ------·---------- --- -- - -- -- . =----~ -~- - ________ :..~---·---.. .-...--<.:.--------J------... -----
•. THE YAW .CAUSED BY SINUSOIDAL WIND PROFILES I. , ... .-, :-- .... ' .... ,._' ,.. -,. - • '"--01. . . .... ,. - ··-. . ,_· .. •\ . 6> .• 
l • 
.... 
.. '•ll•'i 1111) :! I I 1-: 
If t(=l/,Cos~11/1~) - t.l. c.p.s{R11u,,-z.+') , then. f(,,~c) 
-t::__ ... 
, is given by r 
O ~ r- . i . --- -· .,,,:- -- ... ·. ___ c , .........• ; ii J(~~) -= i Co~(r4ffec,7t.;,'+(l)h,(~~),I~ . . ff--/), , ,,,,,, , , 
'.\. • "t:, 
-~----------·--·-··-.... - .... ,,, _____ _,_,,; .. ....c • ...;.; ....... ..:,.,.~-·-<·!:...... ...... ., .. :~'. .... ,_ ... ,---······--··-""': .. :.~-.. .- ............ '.:. ... .<> .••• - ........................... ••••·-"- , ........... : ... ,,·,:···· ,.:.,.,~ "··· -·- ""'' '·"' "".'· •·· ·-- ,, '{,;,., .. :::-. ,,,,., ... ,,,.,.,,.,.,,.,.,,,. __ ".-'•, •1 ..... , .• , ..... ·"• .,.,,.,, -, ""·'"'""·c-,..c·,csa·:,·: .. ~ • .;.~ .,, '"' 0, ,,_._,., .... , ... ,.., ,. - . ,.·., .. .' .. , ...•.• ,~ .......... ,., •... cj;;'.)----;.,.·•·:-,.~,--·--·"'"·,,, •. ,=~•·•~•-----•·•·"' ""'' ··· ·· " ·· ''' · - ·· · ' · ... ;. ·· ···• ., ... , ....... --"···-· 
.f -- - ~-,·wher~ h,("C)=. -(!Jf~ . ..r-,;,~n(rt.~.l) by equation~·-(2-13) and., 
"·j -
' ' 0 ~ ~ --..,,.,,,,. 
. 
. _· .. -I 
'-
-1 (1-40) respectively. 1 J Again, switching .from ~ to ~ ·· and u~ing identit1es .. ,,:, . ·-'. ~··· .,,'-• _;·. ··- . ' . - - . -
; 
' 
l'. 
. .. 
' -/ .. 
·/' 
{_J 
,..;• 
._ ·~-
. .,,. . 
(3~4), cS'(~&)is given by , .. _ J 1- -
: -:- CO-S. (~,r~~-i.+!P,) 
~ r_,t:_ (w~ 1) V 
. 
. 
_ -4- [cos (;t Ii w ;~+ tP. )co.s .r,r(~t.,~) +-·.s-, ~ (t1rw r; -rtf.) .s ,., .itr~ 1-e':) 
_,r~ . w+ I _ . 
-
. 
I 
--
- coc (:urwr:;+-B)cu ~,r(~~r;,'Jt .S,~ (:2rrec,r;;-t~)~11i ~rr (&~&;) . 
.. ';...,. :' 
Cc-I , , 
-
___ _( 
. - lj 
., '"'--
"'" •••A•<,,•.•-·•••"' <•o,,, ••,•,•, •. A'•O",•••• .. ~,- '•'·" ••••-> • • , .. , •d '•,• ~ 0 ,.• ¥. I • •' •> 't•• ,• < ·- ., >-./•,- • ', .. < ,'· -., ,<," • '• .,,, > •,,•,,, .• ,. •. •°'' •• ,,,,, ,,,.,,,• .,., ... '/• ••,••/• '• ..,._,-,oo'(<,c-'·.;~~··i··• .,,.., .. ''"'1'····'·',--'"'·"···· .,,\,,. •,u•---·.~·-,,··~•1"·'."J'~·,•-.... , ... ,. .. »•_ ..... -,.,,.,. ·"-~-·· .• ,,. ~-· •. • ....• 
'':,_ 
' •. L • _., :~ _ci' 
··-----~· 
"'I··· 
. -, 
• • •• • j 
' . . . 
' . 
r· 
•• '''II, 
F~ally,·· c- ., . .. -
.. 
l 
.. ----·-····-- -· . ---
- - ..... ·····-- ---·-···--···-·· -----··· - ·- ---- , _________ -- - - --- ------ --- --- - -·--·- ------- ---------·-----~------ --------······-t.§) r{c~;) : :nr'Cl(r.o•~ -c..s(a,rcoc~({) • ~os(~TTw~;+~)to1~(C"-C,,"') aw ~. ~ . . 
.. · • ;-' -fA>~s.r~(~7r~~,.·~).s,:nftf(r:~r;;)J···--' {4-2),, ,,,,.,,, ... 
. :-"'. 
, \' 
:-,,. " 
> 
' 
·•., ...... - ·-
' . 
- •~@d'.~~-:~,:t~~ . 
'. ,, ·- "" 
·,,.--l ~-----.-·-···· ...... - ..... - •- M;. •-""'"~ •• ,_.,_,,. •-••• ',.,,L • • .. ~ '••- o 
...:..:. . ~ .. .:.· . ; .. 
··- "'• 
. ... : 
L • r- f . 
,: ~- .... ..... .. -•~!!"-~:---:•·.:.".'"··" -·:-·-·-' ":"-:······· •-.- -,~-~-:- :···-· - -:- -··· .,, -· ,. ' ... 
~ j • 
---~--- ----,--------
. , .. •. .. t •• 
...... ' ... 
• 
'. ,; ' 
r .. 
\· 
'i~ 
' .~ 
J,~ 
!f· 
-';~ 
~ 
'/)'. 
~ 
..:~. 
rt 
. ' 1:~ 
-.;.._,. .. - =--=·-~~~~=-··--·=··-·=--~--··-~----~--......,..---,1',~----=-·.-~---="-:'""=· .. ~-~-·---"-=----=' ·--a=.....~~--=··-·=·---·-·~----...=--~--==:--~----......,.,-....... ---- -.:.......'------...;....,·-----~:--.......,----....,...--,-.:........_· --~:t·_. .-......._·----:--'·•-....... ---.-:.. ...._.___,__....._c. ·:....._.-·:.;;.=----=-·=----=---=-----~=-- ---.....,--........_... ....... - ...... "'~~'.i"=·',·"..._;__l:---=·,13=9.:,......'-~==-~~~ j 
\~. , 
· ------ -- --·--- ---·· ---- --·\··---· -- -n· l'r · 7*P1:hr-:crrnmcr:;;;:nruinJ 
/
/'_ ;*' 
.I • 
fo 
- I I ',J .. k.- • "' 
/ ~ 
If we let -\~~ -~ .i 
- - ---- -- ----- --- ·'-. _: __ : -:. : ' --. --- 'J 
l'~ 
\~ 
'- , .. :.· ..... When fAJ=I, we again have the. izidetermina~e form i .... 
. '\:> ;' 
_ ... ~--i" 
. ·, j ' 
· - fv-16,) s·t-and for the -n~er-a tor, ---then- L-'h~-sp .. ital.! .. s .... Rul.e .. -.. yie_lds .. ;··_----·-···---------.--------.---·---~--,--
- dNw) 11;,, l-7s} I<,c)-= ..1.. 1,m d,.,.,: 
'4) -'I/ ( ~7,/ t/o ~'If~ Cu-ti d-(c:J\.J) 
d14, ,, 
{4-5) • . 
' ·~ 
Now ~~ Z.S,h{~11~~~)- ~lf l',/ $1i, (.i,ra,','+I) C~s -:tfT(l'':.r;) 
. -
- S,-.. (A IT~r;/-rt)..$/ii «1lt'&"~ &; ~ - t<J ~IT~ Co i ~TT~ ""11"~) Shi iJ.1! (r--,:,, ') 
,, -
" i~· 
Ii 
-. ).! 
I i; 
! 
~ ;; 
~i 
_- t 
I I 
I 
l 
. - .. , . I 
---·----------------··---·--·----------· ..... - ----·---·-------- - ·- '_-. .- ~' -ll - ' .- • 1' 
. . .. 
- - ,"'•- ·- .: •.. .;. ,• •••••••••• .. • • ··•• ••• ••_·•,••:•.,:··:..,:: •":,'"n•·•••••••~ • •• ,·•••,•M••• • 0 • .... • 
' .... ' ....... -· ..... ·- ·- ---- .............................. , ................ ~ ... -- -------.----·-·----- -- - -------- ' 
Setting -t;J=I -in this an:4 substitu-ting the resu-lt into (4-3l -, '. ·---. · -- -i 
-
. - -· 
we get 
.(-V,J dC;;:'C)::= iic f;."IT(~!.&,1 }.SJ;,(.a,r,rt.,..~ - Sn,(ofll~/-1-tA)~;._aTF(,;~~) f. . . .. fA-_4)-... 
A71 I · • -. -- z- · - · fr.r 
o· i-· 
( 
! 
I 
I j' 
I 
' ! 
: 
_ ___ . _ . . . . _ £or C4~l __ .. -·-·-······- --·····--·-····· ... , ... ·-····-,-·-·:··- ..... ~--
It should be' noted here that J'/t;,.c) 1becomes uilbpunded 
,. 
when W=I , b.ut t~at [(r,."&) approaches zero when (,J)# I as 
" \-· 
. i 
. 1 j 
:l 
~ j 
1 
t.1 
, ,.. i1 
' . . sh~wn by', (~.:.4r~nd {4-2) • It should also be noted that . I : 
· ·· · .. ·. ··· · · none, of our result~ are valid when any of th8 ··angle$ ,~f ~ i;'.:F'~<=,=,,-~-..~~=-~·;,,"\ 
. . . ~ ' ,: ~ . ::~ 
or 6 become large since the basic equations of' the intro- l 
~- _I 
- j 
~ i 
duction are no ionger valid. However,, if' {4-4) were valid. l 
j .fl --
for large values of ~, we would have a --very ·unusual pheno-
~· . 
' • J / • •• '> 
menon because the direction of' motion 'would approach a -finite 
value with ever decreasing oscillations while ~he yaw oscil-
-lates with ever. inc.reasing. amplitudel --·· ·- ...... -·· -·· ....... ····· . ., ...... ··-··,. ' . • . • ..... ' "" • i .-~,."- • :. .... •• • • • • "'t,.- • ,, '""' 
- -
-3-c, and 3-d are.given below. 
,., _... ,_ .. ,_ .. 'ft.;._a. - If. ti= tlo co.s-~,rf ~,. then 
~• ,r •• ••.•. • ~ ' , ._, • • • • - •· '( I , ' •. . - .. · . .' . .. : ::·. ~ . :.· ·,: , .. './~- '. ..... . . . . . • • . . ;· ·•• ~ . ' .. .,. I " . -~. • ""' , ... -~, 
'· 
. ·: ·i,. 4' 
- .. 
'I:, 
. : ...... 
'.!.' 
- . ,, ·;.":,-,' 
. ~ . .. ', .. ;,,_. 
.. 
-· 
.. ·;; 
'.I' 
': .._,. 
. .. 
:.~- ! :I 
........ 
. I 
l· 
,_ 
: , I ,) I 
' ), 
- . . . - . ~r 
r!"" ·• . . ... I • 
J 
. I 
-· ... ····· ,-.... , ..... ·--~· .. · .... .... ... . -·. ...• ·-· . 
· .. . ('-. 
..... • .. ....................... l,.· •• . •••.••.• :.,... .......... ---- .. 
. L 
• ...... _ .. p,,., __ 
\ i . -l 
r . 
i 
I . ~ . . . . .. . -.. · ...... --.... ._. .. . . .. 
'0 .. 
., 
··-~----~.----~- --- .·----···-·----.---- ---------··----·--· --·------- .. ~:."".\!~,."'.:<·~;:{;_:~i~::::f~_t; .. _____ ~· -~~~ ---- -- · ~-- (( ,,····, _ ... 0 -~ 
~--~··-----~-.... -_-'.'._~·--··--------·-··....,..,,,·-~· T'v~.,,r- :_ ,i...- . f . -'Hi '& -~" .. - t :1/ . . . 
. . . . . _ . - W~Ji1:/l7./,f]f/.s1h ,?7l'(,!&p°9 , . for (,O:FI , -~ ~ _ ~- ~; 
J -7~ 
'"""'-"
10
'"
0
""·'"·'"·~··'""'·""'·""''"""""''"'"''""H',i.U>',1<,o;.w•Jv,',.,,,1b,,,,:,u,.,, ,,,.,1.1. I.L•OJ..l', ., .. 1,,,1 , , , , ' 
- .. .· ~ _(--J) ~~~)~4t~r;·~;~~~~;:;,~~;:~;~~~,~-:~;(~t~zi},'}~;~.,. ~--iri-J:' •,,,,,,"'' ·: ~ 
-- ---T·-- • ...:, __ -
•,.,.,., . ., ./ ,• ..,... 
""" ··-····· ... .. -- . ·····- , ... , ... ....... "•- -· ......... , ---- -· . . •' .... -···· . ·- ...... - ' ··-·· ...... - . ... . .. . -·· .. .. . .. ·-· ·-.. . . " . ·-· - ............ _ . ·- ---~- .... ··--- .. ''" ... . - -... .. . 
! 4-c. If we are ·interested in the effect of· a cosine wave 
./) "' 't. 
b0ginning at the launcher tip, we must choose 'f'o:::: -~lft,Jlp • 
. .. 
Thetl 6(~l') = fc (r:PJ ~), where 
p. 
/> 
. ' . ----~--•·•• .. -•-••n•·•-.-·,••-~s<·-·•~r---. .. , .. __ ~ . .,_..,,.,_ .... -~ , • ., • - ' . " ,,. ••• , . .., • ,.,.,.,.,._.., .. ,• ..... ,••• .... >,~,., ..• ; • ,_,_.._._, .. ,,,.,._,.,...,,.,_.,.-, ... ,...--.... , ............ .,.,..,n,.-,.,.,_,,.,_ •. ,.,__,.,,,o,..-..,.~-.,.,., •. ..,._.~.,,~--~,•~-~-•. 1-•-----:---•....,.,,...,,__,..,.,.....,...... _ _,_.•.,, ... ·., ... ff,, •• .,., 
4-d. If ·.we are in.terested in the effect of a sine wave be-. \..., -
/ ginning at the launcher tip, we·must ch,oOse f-=--~nto~,.__j,r. 
_ . . .. . . - - Then [(~&) = s;c-r;,~?; J; whEir e :-~ ->. " 
• •' "•': :.· . ..:•~•:•::·:~.;~·:·'"' ,,,,,, ,,._.,,, ,,.,.,~.;.;, .• ,.,-,,.••-*"''1' .. ~• •-•• .: '.t'·'P ....... •:•" . .., a•"_''"'"'.'~'"''._'•" ... ~.,_,~..,-'~"":"'"·'-'·'• . "' ..... ,. • . • . ' . • ·-·,, ..... ,ff••<.-.,.,.""•"''·'•"·,,,_.,.,,. .. , .. ,.,,,._.~,.•.•• ... '.,.,.'"'•·-~·'"*'""" . ' ~ • ,. 
•• •• - ...... 4 
. ·····:· '•·· _, .. ··'\.. 
'"' -~ ,·· ... ,_.,,.,, ... •••.~-.··· ~. "·•"•·· .,.,,!,' ., ~---· .,, , ..... '"''" .• _._.,..,.,,,, ..... ,,.,,.,_.,,, •,,.,' ... """'~······•·'"·' ....• , .,,.,.·. "' ,,, . , .. ,.- .... .,,, ., •. ,·,,, .,, •·•·'-·''.•'•· ",,, .,, . .-.,,.,, V••,••~••• • ··• ,.,,• ,-,,.,_.._._., ••·~,"~'".':·•·'•''-""r", ,,, '''-:"i•• """" •'"'."· ,.,, ... , ··~ ,. '-"'''• 
,,r ~ :, . , lj 
I. ~--·-·········-··_····- (J)-~~i) · ~'-1~r~'"~I}! wsln~~;d-1c,,z):s,;~,,t.)(~!:,i). ,!!_~~#/ __ ~ ~~-~~~~,_ --~ 
'i,'. 
.... .i 
' '. 
. .-.... ~.,:,·~--.~-..... .-. 
':-. 
Ill'- . • 
. ',. -· 
.,. . 
.... .._-., ...... 
_ _..,t 
i .... C"' ~ .....•..•... 
.-,. ' -,. f-'··, -•· ,•·':_w·, • • . ' : ,;:.·t-~, .• 
. ..... _, .. 
r· .. f .. r·:-··· 
. -· -·· ..... -1.. . .. ' 
<. .......... . 
• 
•• --n-., - - ------=~--:-~ .... __ ··-- ·\ r - -._:-
of the magnitudes of e and • 
,_·---··-
... ..... ..... '· .tr_.,..,.,,..,.;i.-....... 
• j 
I 
~ I, 
-. 
-41-
_) 
,,,.._.,,__,::---·-
.. 
·- •. . 
· ·"' -~·-~--· ·-·,.,,,., ,.,- ..... -, .... ., .. :...,.··-<•~ ..... , ... ;.,.e..-....n·1:,o•~i'11-M1,',.~..-.C::""'"''"'""'..-;,,•.,..-r,r;,-,;,.; • .nij ... ,,-rtr""''"'"'-:...,.... ...... ~ .. ~~..::.:.: .... ---:-.--.·.,,,..,_._ __ ,....,~,,-·, ,d_:,...,.,,..,_,,:.. ,.'!":"'...,;......,_- --· .... ,-. ..:. -.,,. ' .. it 
if 
-.::···----·-------------·---··---------· ·---- - . ; . .' .. L---.::.---·-----•··· .. ··-·•··---·----~---------------· - _ ............................ ,-(··---·\~--;·····-··;-·····-···. 
-~--. ~,.~_ ...... --.. :-.. ~·--------•·«, .... ~: 
--\ ·, ·-- -j' :_ 
..... .L. 
. <:..) 
........ _ .............................. --~--·-· ----r,,,.-,,~..,......... . ~ . 
_ .. ~ 
, ""~ 
'-' 
" 0 /. ~~ ~ 0 ILo' 
.-
-80 
• o•,o ,. ,; 00!,,.,-·--: 0 ~- _;.••-.,•, .. -.,OM~ .. ' ·- . . .-. •.• .- . '·-. •, .. ··- ·-~- .. ____ , 
) )) 
-;,,....-~·/ 
'J 
,· . 
' .
• ••• -· ;:.-. ,., •. , • , • .•. :_·;. - .'! •• , .• 
f ', 
.. ..... .. . . .... . ,.·--;::--,. c_-~..........,ii---. • 
< 
. ·-········ -~i ""·"···-....... --, .. . 
.. ·-' :.~. -~- ···-···--"-· , ... -.. ,.· ... ~--,·,. -
d •• ·-·--- .......... --
I I 
~-·; 
rJ; 
fl 
"\ ·: .' •: • ' . 
, •·•· ;1,•,,v· .. 1._•i ·•·. ·'"'-" .,,.-~:".•.,.J;..,.,~ .. ,,. ,. ...... 0 
······+ ' "'"'• "W" "• •• "'"'''" ,'' ••r~•,• ·.-. '••-- -'.,., •,• n,,._..,!.· ..- • 
;. 
. -. ~-,-
' . 
' 
. i 
.. ·-~ 
',\ 
. ' 
; ' 
Figure 10 
---- ·-----···-··--····---.:.: ____ -- --~------------------- -- ... . . - . ' . - - _., ____________ -------.-·---,--'--..------·--'Ir-·-----,.,--...... -.. ,·----------· .. :--··"·····-···--.. <-----··-.-·-·:-·-----··---··--····-...--·------:;.,:._----.:.,:,-;.._;, .... ,~.;, •. , •. - . ------.. -~--·-····-··--·--·-·-· 
The ye.wing mot ion "of a 
into e. sinu~oidal wind 
.,· 
I . 
·~-
rocket launched 
profile. 
. \, 
;i.' .. 
vertically 
•{' • \. i.. ,. 
... ~ ,"' .......... ,. ·:-<'··" 
' ' 
., :·;·_~ ... _._ ..... ,. ·;:- ·-:.;.(_,.,_. ..... ' -·--. 
-~ ' ,. ' 
.. .. ~~ 
·I 
·.~ 
.. 
. -~ ............ , - ........ ·-·· --·~,--.. --·· .. 
---· ... ' 
. ..... ... ..... ,. . ., .. , .... ------ .... ~·-.--~~.- ..... · .. -,.... ... ·""-·· 
.. ..... , .... 
.. . ....... 
~-
.·." . t 
~ 
. ? 
·!. 
t ;·: 
i 
i, 
--------- ...... -· -----·-"---:~ .. ,'.·...... . ·t ' . - . . ........ , . -•--'-•~--~---.~-- •-•-~·-------------~----·-·---a•-••••~- •--.•-•- -·-·-·-••- ,.,?-~ - -- . ---,- --•• •.•--• -·--' -
C -~. : -- . 
.. . . . - .. .. - ... .,_, . . - ... -- -- . ' -· 
f 
' ;• 
.. •,. \.. . -. - -
; . . ~ ~ 
. . 
""----:-, ·- -·-- ~- . ;· 
I • .~,. --~~~~ 
,·-,.~~·+·~··"-1,;,,·•-· .. -..,. ..... ..-....... . .. I 'IR,~.t~~:::=:=::::::.:..--:::~:~..,.~~~~~it'EM&~~~ .... ,~ ........ ,..--~- v--· -~--- ~~ ... "·----~ ... ,,.._.........,..~;.--, --1)· zr:n::_d;-..............,-,-· ~ -.-. ... --~u ..... , ... --........ ___.._._ . ...._ ___ .,,, ___________ H_ ........ ,_._ ...................... .. 
' 
·-- - - ~ - - - - - - - -· - -r ,: .... - - - -··- •• O -·- • -:. O • - - - OO O - - - - - - -• O - • - •• OO ·- O - -· M -
' . . 
·:~: : - . . :':'"- -~ I -
SECTION V 
' 
·----------------------------------·-:-··---------------------. -·-·------·-·--THE---DEFLECTION' FROM THE. VERTICAL· CAUSED· ..!. ..c... •. -
--~ . a .. 
BY SINUSOIDAL WIND PROF ILES 
I 
··Here, 
. -I 
I 
· but· ~ = B(&;,,~) , cl£ ~ ~s~ 
cir "J r- d'&: - . 
.,, - -~ . . . ·-e:"· ...... -- ........ , . ,- .. - .. • ..... ·~-.. ,·--:,;;;--"'_-''l'K·W:>,··.l.:._p·n,~~~ ... ,. .• ., .......... ,- -----. --·- .. , ... -~--~ 
~. -'HtHJce, . X(~P.,~):: ,2sJ(e(~<a)~-~'3- · , '., _ (?-I). 
=', :~-"-'=:;;~~~,c~"=-=<"'"==•=='"-~••-••"""_' .. :: .... ,. ..... :- .... ,.-••""~" • ~ii~- . ... ··• . .. . - ·--·· ..... - . , ... " - o· ' 
i : 
..... - ,., .... •' .. 
... - ... ,,. .... ~=,_.,._,_ .... _,_. ··- ··--z::c,,,~..::;-------~--.. ·· .. · ..... 
. • 1, 
, 
Equation .. (5~1) will determine ~(~r) for any ·motion of 
~ ' . C 
if. 
.. -
· · - the rocket provided, of course e~..1Z')is already-known.; · In - -- · 
/ ' 
--- ... ·--· : .. · ...... --_ -··-man:v·- ·c-ases';·-···1t··--·-1s·:··-·1·ipb··;i·s:fb°J~·e·--··-t·o· ·perfo'rin""""t"he·--··1ndic·a tad inte ;.··---~-:.-. ---
< 
. 
gratiori in closed formo · Fortunaterly~ however, it is poss.ib_l::~: 
.~ .. 
ip: our case. If ·we _substitute our general r·esult, (3 .... 7_)~ 
- .. 
·c· · -~:v . ·-- _ _ ::: > .. ·-·i_; iJ1to· ( 5-1), the reSJ.il ting -1ntegr9-ti-on ··carf oe::'·d·1vid-ed-· in~e--------·---:-.- __ .:'. ..... -----~--~- · , 
.:;.-;;;_~,.h~,. ,,;;;;;:.,·, -.,;:,;;s.,,..;,,;-,,..,--:C,"I'"~.;i;.c·,-:::,,-.'lf~;':~..i ... ;"Y''~·.,_.,:;..---c:·-::,a,,~-.,,::,•·;.,-,=,c;.; ... _-··;;, ·;;::;·,;:• ~ ... ~ '"i-'c,:.: .•.• ,.a-,; •.•. ;., ,c::.~s=: ''-"''-'•:.-.-, ._, . :,·.: .. a~.: ... . ,.:: ,,=, ·,c .. .;:;;. :i,;x;··. -, ;-, .-:::. _--~:.:o"., -::.~,;,,:.,. ·•-·:::-~-, -, •• o·"::-;. •;c;,c:~ ,_·;,· ; •• - -··-,c,~;.->··, .. ;"'.:;:.0;;z;;,;=::·.;·c,:,,-·-,;;c.;:·_-;; .~: ;, : :.~. -.,;.:·:, c;;: ··cs .. ··;,;,;-,.:- -c:_-· .:c ... , '"-'"' · .;::.: -a:-<_-:.;;.·;· -:· ;~';;;-;:i;,.-_,-:.,·;-:-::;:·..;., < ~x-,; ,:: ,_.,,~_-s; :·,,,,,_ \'::'.•'.: ,-,,·;-;.:· .•:·,·-· , :.i•ccc;··,, ~;~;.::,_-;,:;': 
five subintegrations. Thus~ · 
,. 'J_ ••• - :· 
·.r-
~-
• t ; ...;. > h • • '• I,..,~. • ,., •:\:. .. ,.. •• • • . .,. -,.. .• 
6 
,-'• 
i 
-!':· .•• 
'-.;,;. 
'7°• 
·---... -
-. 
• •-' •• '""" """'•.-•• ow>
0
•- •••• •·•• ·-·· ;, .:.·.:_ • ~:..·· ••• ·,:: • .:.,.: •• "'"''> ,., .'.,.,:, ""' •,\,, :: • u,,-.;, •• 
-;J : . - --~ .. ·:;----- •c;:-- . 
........ 
. ,_ l"' 
.. \}\, 
.... ./!' 'tt . 
., 
'•· 
'I:, . ./·,: .. · 
.... 
. ·, 
' ' .. 
------··----·------·-- -· 
,.. '-~.... . ' 
_,,,. .... ~ ' 
r . 
. . .-, . .. .. ' .,. . . . ,.. ..._.. - - . . ... 
. . . 
. :·- .. ·.:. :. ., -~· ..... - ... 
•; 
'.'-·•, . . - . 
. .-., .... 
. ., 
,· 
- --· ~. - - -- ' - ··- - -· -- - - - - ' . -· . -- - -- -· ---· - -- - ·----;--------=. ,--- .... ··---· 
. ..• . '~ " 
r~=-...,;.__~~~~·-=-=-=>·-=--=-• ~-=·-=·-·-=--=---'=-f ="". =--"-="·~-------DW--D> . ......... ;tt'itih • ' . , , • ' ' . , . . "'"u··~f'• . O • • ·e ...... ,.,,,.,,,,,_"""'!'...,,.,...,....~:--~~~~~·-~-.,•~~&-•~-~NT + -WA>~~ 
Since the rocket.tips ·1nto the w\nd, the factor.of minus 
I • , 
.F 
. ~ ' 
I • / 
is omitted ·hePe; so that (5-2) will give ·the distance one 
.. 
traveled into the wind by the rocketo 
· ~ · Now,_ . ~ . .. . . . · . . .. . . . Z' 
'.L = ·t 1 Co.s(11,rwi?-,Jd'I ::;'· ~r.: r~~C~j).:.s~AifR..f:>;j)7 . ,, 
I IT "&', .,Ji/IA) I L lj ~ 
l~ = .rw,.; w(I r~~ii,")~d~ +--S° ;,,11 tc~;;.;;)~tfi . 
. Cr1 . . . .. c:;, . . . , ..;._ 
. . . . l . .,;-
. · . . : 'if- ~ '-/ ~ ~ .S (tl 1w ~ )-1- s;,, A C (.uw t; j 
. • . ' .'>\. . I . '? 
. . . ~ : . ,., .. 
·~. .-. . '. . ,.... ' 
·,·· 
. . ~--
' ' 
') 
,,.. 
+ Jr 4Qlo Ul.~li~J .,__ Si.tj Shi ~1/'°J i -,; . . 
. . . . c; . . . . .·.· 
- ·- • . - . - ..••.. ·----, ... ·:- •• -· .. : ... : f-· -·- _ . .: .. : ·-- .. - - .:... . - - - -- ···- •.. _, .. - ... - . . . ............... .,,., .. '!- ........... -~·--~-·-······· •• ""'. -·-.·· ..... • ... ' . ·•.· . . .. ' ' ' ··. ' ',. ·. ' ' .. .· '.· .. ·- .. ··-· - _-' •· ~ 
. ·<:· 
/ 
. . 
. :.~ =: .--~fc.ro-~S~.f:i,);-.s,Aj(RJ&ir;,)J!k:.c-··· -' 
. . ..., . 
- _ ~= -0~,11p.114i~/t-A)[~i.9tt~6Jr;/;~frr~&Jf. , . 
4 = ~0tr;:~/~u:{J~(r;,, rJ)~-d1 . ' . . 2 - ; - - : 
- = .Cos (~;~:p ~~) ! "'"B,r~ ") ~~ ~(",,Jr J f ,:;, 1. ! . 
' 
·1 
\ I 
., -~ 
. 
. ..~, 
If' we add ,A1 + A.a+-~ , we g?t , _ 
·········· ., .. ,....... .... .. . . .. , #Jlif. . :.r ..• J r 
·•····· '.,~·-·' -:-------~-·-.----~1r4~-4 .~ ~ ~ ~z Cosfl[s(lllw~J~srk1w~H+ §;..fo(cCs~~i-(~~Et ~ ........... --- ~:.:~~~:.: ..... . 
... . ., - . r:: ~ . : 
1' • 
+ J. c:,s (&lTTwa "'-+t) !: + .1. r;s<fo C~rw~)-s'~fo St<;;;:;,;f} r: .. 
. . . . C . 1111i3 L: ~ :J , . . . ~. 
. , p r 
··'-----···---·-----
. . 1: .·,se.e·· .. ·.refe:'ElaIJ.~~-1, p9:g~e 103 
2: · ,$ee reftfre·nce ,~_ 1, _page 102 ,'·-::. ...... ·-
'.i.._ 
. _ .. :,-: .·.' . 
.r:- . 
~-.~- -~ 1 :· •• ·:. :..~ :_ • .; i· 
'J. 
~ -. 
·:·· · .. : .. -_. 
. (1:.) 't ,._ 
1'' .... · ... 
-:. .; ~; 
.• . __ J - ' •• -· - . ~ ... ,.., -··· . ··-··-· ...... ·, .... . . , .. 
. ' 
..... , .. __ .. . ...... ·~~(- .. 
. "'... : . " ·. 
' ?f~~ .... --~··:>. , •. ,, ... , ..... ' .. '·:· 
'.• • .:""···.:......:..•.-- ·.- ... _-..i..w-.. ~ .... -..._____ --- .......... ____ ..,_ . -~ . 
.. r 
·,,·· 
• . I .... 
,/ 
r· ------- ------ --
~·r)'--·-··--· ...... : ...... _. ........ ·-·------.· .... , ....... : .. ,, .... : ..... ---···-·----· --------·· .......... -... ... .. - ........ ------ --------·---· ---:-~44.-
/ 
,/ 
,, 
__ ~ ... r-.,__u_u.,w,l.r.n::r.-==,i>E:ra:;:;,;°"""""'·l!SU!zr,nn-.al"ll'D'---.,"""""""'_;,,,,,,_™~""=-"""""""'"""""""'--#!ll~~a:IU1a.maut1M11111:M~ 
... (,:'" 
\;_. 
\I • ,'1,.,' 
. . 
. =· ,e e:t:::nm.J:1C.i L ~™------••"""•·-~•,w-.lo, __ .__ __ ..._.. _ ,____ ~-~ .. _,,,,_,.....,., ............... --,.,_........_......--.......,........._......,.,. 
, .. 
Then, · substituting the limits int() ...;t{+~ , _and 0.dding the -
. . . , ' . 
results to -~ ,...,.c~ , we have 
- ··-····- ... __ ; . ~--· ______ .,._._..., ______ _ 
(.,.~) ~~~~) ~ d., f i'~t;{s{11&>r:)-S(l~~J +s,Jf ~~~)~c(R$,~~ 
\-
.... 
;-· . ··. 
--······ _ · · -· .. · ..· ---,~ ........... , ..... : .. : .~ .:~~;.~~~~~Jf ;(~~l~'!f (~~lt"-2 ? . ..... _ ~ -~- ~ -- : - :,: ..... "' ·-
,~t1t ~·.,,: ,.: .. ,.. V . ,- . 
'.t:.' . 
Expr.e.s:siqp. ~5~3). ·gi·ves the distance traveled into _the 
into ther .wind, · · (5'-3) ,; I .N.' 
~--· ., ___ , _ ~,.,: -'-··:·-· . wind--~l:ry ... · the Poelf&'b·· ,:fo~-an-'-arbf tr-a.ry ·.· phase-···ang:t:-eand: · £·or···· any·- -- ·•·,·-· " ... ,. ··· •· 
' ' . ' . . . . . .. ' . . .. . . 
I 
! 
,  
l 
, __ 
frequency except CJ=/ ,. - When W::/ , (5-3) is. in the indeter-
minate form S, as iri""our earlier resultS Of s,ection II and 
. r .• 
., . - . . 
II!. Again, we use Ntw) to represent the bracketed term,or 
... ~ . ... 
.i . 
···.~ . ,, . , ...... ,. ..-
· -_ The re:::rult: ·1·s ······ 
. ~ . . . 
' .. (Js) .%~~~) = -j 'ffS,~rJo-r;;f J[c~r:)-cP~,)J-t[i-~' ~WJfsr~r;)~s(-l"~iJ '0 
.,,,, 
') 
<" 
. _!;. 
. ~:-'.':.,,·.'3:~~ 
........c_____' ·- ·:-:-··-:. : • , • .• : , 
' ·1 • 
f. . 
\ 
.:-.~' "~· ;.,,., 'tor.,, 
~-. .~ .. ; . 
-·· -
_;',.,~, .. ·:-.: . .'\;' • .\ >"'·"·:<.:;: • 
·"'· , .. 
., 
... ;. " -.. »~· 
J, 
- - ________ ,....__ __ . . .. 
r ;i . / . '" u. "' . . 
; 
. . . . . . 
·-t ... -· . ................. _ •.. 
.·.c :.···;-·-·---. 
-·-'- ·-
• I> 
•· ·. ·-· -'·.·-. ·-~-~-· :··~"-··: ........ . . ·- ···-· -- -·-···· ·-> _, __ -· '·-. -• -- .... ·-·- - -· ·-
-· ·r 
-,L,-,._~,. •• 
. ,i .. " 
,-a··--··; 
' ) . 
• 
" l!.•
~ 
: lf; 
1< 
~· 
r 
. I 
·.··.""~ ........ "''~-;~- ..... .,"'.... .. . .... .: ...................... .,, ................. ___ ...... -• .,............. , ............................. -......... r; 
. ft 
,; ' . ~; 
' ·..... -- - ., ---- ~4"5~ -~- ' ~ 
. '. @ 
?( 
' . . . ...:;~ , . !. 
-~; • J f 
~~~~~;....,,.._··. ·,_,,,_ .. _-....,;  -=-4~~==· ~ .. ,&L•v1~1:t'1.::Ji.t;()~---·---~- [ 
I( 
;-,·::;-, .. ::. 
;,/. _.. 
... . .. ' 
.. · ... ·~- . 
_f:,;.~,r~,,~+/1)-t-~71~~~rr&,'+rJj/fri1("~} 74i~/f1:r&ij . - - ! 
., .. •,,,,, ... ,.·.,.;.,-, 
·. -~ S! ~,;, (RIT~1-1-/Jo)[c-"9i~&)- &; i (~'il 
: ~ . ' ' . / . ' , __ • , l, 
into th~ Win~fo~. Q: I A~-~·. 
,., . .. . 
" 
The four sets or special· cases for pa.rt~icular phase . _· · 
• ~ ,; · . '- ..... . ,I ; ,, I '.1 1 .. , 11 1.',"\.l.,, l :,1 ,i'-.. .. , ..... (j·- . . 
.... . 
. . ' 
angles follow directly from ·the e.xpres·sions (.5-3) ·and_ (5-5). 
l . 
---·--~,--r• ··-···----~ 5~a. ,,, 1.f f :::o , ' then t/:: c/,Co.silll/2 and ~~r):: '~(~~),· whe;e . .: ... ';,,. ... '.'.~. - . . . ... 
[~)·· ~(&;Li)::-d f ;y.i/!1£-J~#iA)~?, if&sfa~~)-Ctk.li:S~}! + ~ ~sl/1/t.J~z - . -·· _, ... 
~11'5 4:, ~ I . r- . '(/ ~II 
- ~ S1)1;JrtJ~~fa,~r)~~A t:r~fa;; 
' • , , -+ -z::~?)·}~~~)-~ J;~i) ;c;J - - - ·- -·· ----·-··· 
: ,_ ..... ·-· ~ .. ,-_ ... -,r·---,.: ... ,,~"'- "··'·, ·- .. -----·---'. ..... ----f  a, S' :rt1e;.,· 'e1;ti-- I Jt~,;-th~--;'i~d-r~r .. "--"-i;)"f /" -·-rs-:::s;;:~ ..... ,_ ..... ~-·-··· 
:·· - . .. ' ,~ J, 
..,_ 
/% ) ft (~s) .i. 1 r,.,,. .> r/. j c 1/;. •1 '",t:; J} ~ i. i. _f · (~"is) t.l,, = ; 1;n,(fJ"¥i-r..r,Rt,'!f -+4 ~,;-v(Po/, - T·-r:_ ..ri;,;!J~ .±91! 'CC:o.s'?'llCZ 
, 
<.. . 
-:fa~)rrc;~:/l!~,:'"~s-?lft/][~~(rp;t) 1&t ;;r~zfJ' 
! 
·~ -''-~ ·- _ . 47 .... _ .. _ ... _ ..... -·-¥ S1h :?liq_ zf~ 1., (~~)-~ ~(~ ~il . , -·.· •• ·-. •-··~, ••V_a,. ·-•· -•·•·•~--~--.--,··-••·•-~·-··•·"" ,..,.,,·~··•~ .. , ·-"'(') .. "' •·•>• ·• ·• •' -·- •·•·•• • .:.···- '" ., .. , • .,,.,. 
. . ' . . ..... ' . .. 
- !! ·412' ~~,JI"'~ l',r , "P , into· the wind for' (6--sa) 
-~ 
•. ~ 5-b. _ If. t=- -f, then (./:=(/,,.S11iiln/i1 and, Z/&;,,i)=~P.J~' where 
., 
- . j 
• '. ~;:, ·:~· ··:·,·~···:· .. " ! • • • •. • ••. , ' •• . ••• •• • •• • ..... ' , 
: •, . .: 
·\ 
_...._,_ 
. . J 
'·'. , 
.. 
---,...,..,,._, ___ --
-- .,,. 
:. ···-.· ..... : .... :"'~: ·- . 
.. . .. ... 
. "'I,'" ., 
' . 
. . 
-• , ••• • , •• .•. ~-•<• .. :,.,. • _-.: ... ~ ••OM< " V ..... •• 
~-
..:: . . 
' ... 
' I • 
'· 
, , -";·•••· • • •~ '; ·•• •· ,; - ,._., • ... ~· ·,•r• , •• ~, ~: ~• ·•. , ,-·•'- • · ~, .. , ~ ... ,._. ,., ·'-··'·· -·• ... , •• , ·• ·" ·~ •" .-... ,.._ · ---~<,#, ·i., - ,~•011-..-, -•·'-' •' •''-'·":·,,~ - .. ··. •,, ,,u,. ~,·...._, .. 1._,..1.,ai.,. ·-'--I._~ .. w, .. ~,.._,,,.'11 . .,.._i.,,,.,..,..,.,,4 .. ~., . .1
1
~,:•~ .. .:-:.•"~ .4 ~, , '•·:·• . 1 ' 
.J 
i 
I 
.... •• ... J 
-- -·- - --------· ------1 
-~ 
'· . 
0 
• t 
~ ~,.. .......... , ... , ....... ~.........._.., ........ . .-:..;.,1,•, ............. ' . ,. .. -· .. ,. ' ,;, I 1 
.. ... ·- ... - .. ~ . " . ~ 
0 . . • 0 • ~ .... ..:-•, ,•, ........... • ...:. ··-·· ....... ''''!'""'"''°""H,00-;. ........... _.; .......... .: ..... -...... · ....... · •. ~ .... : •••.• ,-,• ).oo••,: .......... · .... ,_,\'.;.;,,_ ............................. ,;,;,,. ............................... -·-- .... ..-1 ' 
• .J • • ,~ 
. ··········.······ . ~ ' ... ' ... ···················· ........ ············· ········:. ········ .................... , ............... ' ..... ····················-········ .............. ··49.;. ..... ·~-. ·····.··~· 1 
,.. - .. . 
. ""; 
· ' . . . ·.L~,.. ). 1-, ... (~_, '&) · 1 - /Pr fr/ .. = ,,J r/. 1-t .J.. &(<? r. 7 l_,5;~,.,.. ,... ,/ .~.-~~T·,r/,,, --~~ · }, 
--,~5-· .... ~,.- .. ,,.·-~~--- ·······or··"t(¥,lfG.17·~!J"' ~Y~-"'1-· .~"1:1-~~-T,S#/11~·---·-·--1 
,,,..,,s l,(,, ' . 'it . . - - :( 
- . · - · · ... -1-- tu ees ?776)~-zfr;; ~r~:,;)c!-,A i;r;.,6j/ · · · · ·· ·· ···-· ··- · ~_1 .• _._· 
~ ~ ~ 0 
·· · · · :;· :s1;!t.)~JG1.e1(~/JJ 1)-~i(~1)+~1} · ·· · ·· · f 
-------- ---
- ------ . - . . -· -- -~ 
~IT 11 ;; ti , into the wind for' tu~/ r&'=-Sb), 
' I 
~)'1:1) ~. f ~jjCfJl)-c/QG,,i! -;jf~~)-Sfa~)J+ ~ ~2A- ~11c;,-z._{!.S1h~lTC,,-i. 
-t-~ coswr, f r;-'1..BJf~~)- ~ 'i"/°"i,7 r ~ s1"1if lit:'-,_], (;.)=/ '5-Sb) 
. .l > , • r f r., '/j ~/l I . • 
. ., ····--··-. _,.,_,.~-~r·-•·•- •·•·a•-·, ... , ""·"""'"', ··-•• •-. ••r •r•,.,_.,-,.~-·-a-.-, ... c,•o·, .. ,--,.•--•~"~,,.-•.., .. •.••-·•····• •• -· """" · · · • 
•r•~•- ·'·" ,_ - , a"""'•~• ,. ••••,•••l>"•~~-•u"-'•-U·~~~~-~~~ ..' "'"V". ,~rn'.,-, •~,, ? ~.·· .,_..,, '1- '..,._,_~, •, •• • '• ' '" • • .. ,,,.._.,., "'"" -·-•• '>'"' • • ._ .. ,,>,," ~·•·u-·•,-r,,• •• •···• ' ., •• • '" 
• ••-' • ·• • •• , ~ • •- .'.,. •• ••··-. • ,:-:-:_• '-' .~ • •'• • - • • Mo ''• • • '" 
--·- -·---- - ·· -· ·"", ......... ,, .. , _____ .. .5;..·,r;··- ··-r·r:·----~e--·-ffre · ·1nter'e s ted ln 'the efre·c·t of a co s--Ine wave '"' ., -,~ • ••··•-• ·" ,•.,,•~,•,, ,,--·•--r~• • .. •,,•. ••• '"" •a , • ,.,,. ,.,-, • • • •"' ' •,•_.,,.,,, •. ,,,-,•••a•, .. • •••• • ., • •' 
beginning at the launcher tip, we must .choo~e t::: 1-~Tltv~ -i. • 
. '· 
------------------------ . ___ _, ____________ . --- .· - _Then ,.~t) == ~~ ,.,&)_ .. ,.-wruw.~.-- -·· . ------- . - -· -· ·--·· ······- ... ·-· ·········-···-· -·- . ··- . . . . ·-. ·-·· 
~:· 
. t 
· . . .·. (p) ~(~i) "= ..J_ r~r:t.(~ ~17wti1-fs(02r.i-&)-.!;(r114Jt,J- S1;, (IJD&p-z.fc/.2.!w't}-((f?.t.1;.,~~ . . -
~~-~·------~----~-~-~.~~;:~_/:=~~~1~~~~.~~~~~=;~ 
.. - . ... . ·-· .· ... . . .. . . . . ' ' .. . . .. . P!TM { Cl; .s , '/ .. 'Pp- #W..: I . -· . ·~fl.)j " . . .. '.14 zo::. . . . . ... . 'IJJ'. .. . . .. . .... 
, -+ 4c,.fr;7..0!(~~)-c,of t~~Z}r?p] r 
{5"-sc), 
'· 
into the wind for W =I 
. . . 
.. + ' 
..... ··" 
., ... 
• • ;; • •• H""• ,; , • 
-, 
.:, .••. , . • ;. ,.~ ...... ••O••••••••• .. ·••••••-•~ •0~ .• , .•• ~.: •.. ·,_." , ........ , . ._"a.,.-, .. -.;,, .... t•-,, •-':-:•MO,,;~ .. ·.,.,,,•,,,_,,,,.,,,,_,.,,.,,.,-.,, ••••.••.-••••,H••••••-d-•, .. .,'. .•.•. ,. .•,,, 
..... 
'··. 
l . ~~-- ........ 
" ··1 
. ., ., -f.· .... , ... ·-·· 
. . 
·1',:· •.•' 
... • '"'-._.l. 
. .,_ 
.. ,,,,.... ·. ... · . 
. : .• ,;;::, -=. ·~ - . 
., :·.•_''!"' ·:· 
I· ,I '.' . .:f_' ,, ... 
. 
{; 
J.c--_ 
~ :: •. . •'. ... :: 
:-.... ; . 
. . 
._,, ·- -~: 
' ' 
-., 
- - .. -- --~---·--... - -- ---------- ------- ~---- -- --------
- ---·----~------- ----
........... :_' ... ....... ~ ...... _ ... - , - , ... •, 
' ' ~ ... :.. ,.,· . .. •: .-. 
. ·-.-.. - -·--- ·-·- - -
"""-1. .. 
:- ·:··:: .. ~ --:-·· ... ~- ;,-~-·: ---~?--~---·-. '--·--·-. ----- ---·--. .·. . .... 
c-· 
"'·-0·-- __ \_'., ___ ---- ·----~~....:.. 
} 
-···--···-- - -- -···--·-- . ' ·-· ·- ----··--- ·-·- - ··- -.--- --
-· ---·""' ... ,.,.. ... ---------··-··-...:. .. ;;..;. ..... ·_____ ...... __ ;.,,...,____ ....-..-.... - .. "'"~ .... ---J.....-----~---....... ----,,-._----,--------1 ......... -.... _____ ....,.______ --·--.. --------... - . 
- ·--------,. --·----.. -, .... ··- .. -· ·fl\~·--· ............... --~ 
,-· .. 
·.: 
······-·-:.:-·- •• +.;._...,,- _<••' .•. --·-. --_ .------· •• •• --··-·· -~-~----·---··---···-··---·····--·-· 
6 
•. .:_j' 
V 
5 
-i 
.... - . :.:-, . ~ ,, 
.,,, 
., ~~ .. : . t.. 
-0 
' - ,_r 
··- : •• ..,· ••• : .. ·.- .. -.:·~· : •• :._. ····~" •• • .. k ~ ..... .',: .. 
• , t· •}, 
~;:c:,.· 
.·.··1' 
•• 
• t I I\ '1 
G.) = 4 :r 
•'i 
?' •. 
I . ' 
._ ... , 
·~, , .. -......... _ _.. __ ·.::,-~; -:··-·--·::.:.:.--.- ..... _ .. : .. 
,· 
·:-~··., ..... -. ..... , .· .- --~ .-.···. ··-- ...... 
··.t. 
I 
. : . . . 
. . ---~ ~~--~--·~;~j;-_:.:..··,;"",;' ;~··-::::,:k~~•;:J.,i ,·-;•: .;:,·,c;._ •• - · . ._. ,, , ~ ..... ·;;..;.:··:;.•·,;:~.:···~·!z"':,.,;.;.,.:·;..;,i~;::-;;:,;;.J,7~~-.:,;';•;· ,-..... ~ ,:. ·.·~ . .f-,, ._.;~•Y"'".;:-•", ,,J.""'..:.;:;,~.;.;:-::.·;.,-_,)j._';,;..;i}..C..:tkw·::·,or~: . ..-~~..S,,~:-;:-'_:-:;.;.--;.'. ..,:,,,~~.::w;":a""°r."~~~~,;:~z.~•;~-c:~-y;:,,;-~-:---s~,;.; -•~;=::~•::: ... •.:•,t,,:", ' .• .-.~-L~ .. -..o....:c, - .:.:f ,-_ '!'{,,~,. . .,- .•. /., 
.-. 
.. 
·.,.,··-::t 
II -~ 
0 zo .:30· 
fs (.,~ ! r~-;oo:·. 
,o 
·, ~ ,. ,. r ,' 
~-
l,f 0 
Figure 11 
·····The· ·deftee:ti-on r··· from· ·the ·vert·ieal· ·· la.unehi-ng 
line, of 
. --P--~ o f_ile.:_ ... 
'I• 
, . 
a rocket, f'ired 
the trajectory 
.. 
~: 
.-~--:-:-·:'."':' ~--· 
.c_.,.: 
•... 
' 
into 
of 
'f , 
a 
the 
sinusoidal 
rocketo' 
: 
. \ 
-
.... -----~-··-····· ...... 
·--- ·-·· •• , ..... -~- • - ·- • .,.. .. _. ,. •·.- .. ,, ···•·.--~ ....... ··: - '. •< -~ -
{· 
·····------··· --~ -·--········ ··--·---··········-··--·~-:-":·~·:·~·-········ .. _______ ... : .... ···--·-·-····- --,.,---·•-,·.--·.; ., ·-.::;~·-·-··· ··-~----- ' \ 
- -. - -'-. ... ~. -· -
---~~~-.-· --- - -------~--------
------:-..--· -:..__. ·---. --.. _··_ -~--·_-,. ·~~---1 
- -- .. ·~ . 
,:;:f'7 . 
~ . 
. . - . .:.. . --- ... -·-- - . . -- . - i . ~- - *~----. --:~)·~·. ---~ -.~~----·~--~--~---·-·-~-.. -----· .• :.-~ ..... ~..!.-.. ----L-._L~ ... ~~~:_ 
'·---"--·-------· .. -- -,,,- . . 
··--~-----~-----·-:··----- ~---c-~::r:....~::....~~-::a:~----~fr-·-\,e ~are·-----·!nte.res·ted -- :!n: __ tlie-erf~~ct"". -of-·--a--=·s-:ftle·--wave·--~-:::::::.... __ -. _- --- -=. ,--~~ 
. . . . . ·- ( . . . ··- ....... ... . - -- ..... 
., .. · .. 
,-
---------------·... beginning at the latinc.her tip, we must choose ..A""-.f/l~l:::.,1rthen - ----·· :.:..-=-=·--.:..._ .. ~-····---
-----·--- ------------------ ------. --- ---------------------------------------------- ·-----·-------- -----------·---------------..... ----·------ ... -- ----·----- .... . .. . . . .. . .. ---~---· --7L-£ ' ' --( 
<. , 
,z~~::: f ~&) where 
....... __ 
~ . 
, ~} t~~ = (-0-t . fi, rs~4?11Af//skiiil)-sr;~',Y ~U)s~f/(A}~1.jc(-?J&JG)-C~JZJ;iJ) 
, , . . B°i;;; (s, >i :t lfl,J ~fe~Ail) -r~J:Jf.j}- t:;s ~ lit,; f//s te.r,., ~ J-s /,71;;~)}) 
~·· I.''' .. '(.' / ' . I ; I : t . I / '\ ~· 
. (' 
! -· . 
. \·.'· ... '· 
.. '. ,.-..... ,., .. :;-. .. , ... _., 
. -·- .. , - ... ~,-~ --~ • .-. .-·-~ .·.,-. ·.':"·.· c;·:"·f·~··_;-. ·. ·.-.·" . - :·•·y'1t . • • . ~ " . 
.. 
_' :.: ,: ·. 
into the wind for tAJ .# I (5:-sd) 
.. ··---- . . , 
• • • • • r" ·•.' • ,, ,, "' • -
. .. -~- ,.,,.~.- . .-, .. ,--,, "·'"' ····---~ ,·-, .... _. ... ·. ----~-------------------------- .;- -· .. ,.·--· . ., 
i 
. ..... ······---,,.- ........... - .. ··-···'"· 
, ......... -- -· ,. "" ,····-· ... _ 
. ·--·-···· ., .. _ .... ·-·. ·- : ...... -........... -. .......... , ...... ·;··- •,• ,.. .. . . 
.. ·- , •. ,l.,p;-,•,,.. •. . .. , - ··-·· ---- .~,-.... - ...... ,,,, ....... ~ - ·- ..... --~--,, .. , . .,,... -·· .... - . -· . . ...... ····· ........... -.. . 
The curves of ·r igure 11 show the traj_ectories of the 
'- . -.:. .. 
'*' ...,- . . ... 
' A 
rocket in our t·hree sample sine wave wind profiles •. They 
~ . 
. \ ·--~· ·- - -- . -· - _ _.,_ ---~~·-·- ----~----~--·---------, .. -.--- -- ., -· ---- .... ---- ------,.· ··-·:··:. .... -. ·~----~--,----- '-·-- -~~-·-·- . .-·---=------~-~-- ····~ --- ·--
. are graphs of' (S-3d) f'or frequencies i and 4 .; and of (5-Sd) o · · "' 
As expected, the ro".cket drifts considerably mo_re .in the_ l.ow 
freque~cy wip.~s •. -·. .. __ .... 
-
. . ... ~- ..... :.:_ .... , ....... ·----~-----·--·~: ..... .,,;·:.:::. -'- - ___ ,_ ,· •.... , -···· ·--~--~~-: .. -....... . :.:. :.., ·. :.a:....:. ...... -- ;__: - : . .:. ........ ' -· "' .. - ·.". "" .... : ..... i~~-·-. ,, ' ... :· ... :,.,.>..-', .•. - :."-~::· ·;:;. ·:: /., ~:·.-:·.-.;- ' .\ 
. . . ........... -··· .. ~ .. ·- '' ... , , ............ ·-···- ........... -- .................. '· ... ······. •· .... --- ... ---·-····-·--· .......... -......... .,..,,,. ... . 
·• . .. 
Using the results of fig~re 10, we have tried to indicate 
the rockets orientation along the traject·ory qualitatively /'. 
.I'-"\ . 
-- ----------
by .the little arrows. J '\, '. '"" . • J . • 
'... 
. . .. ·.;. 
. . 
········-····· .. ... , ............ ' ...... , ., . .,, .. . 1 . -....... , . 
~ . .• . . . ~ . 
- -
r·· 
I • ' ~ 
,,--
., 
'j, .. 
f 
- ;__.;;;,.;.·· .• 
-! .> 
. · .. _. : ' ..--:·' .. :-· 
.:~ . 
.. -: 
. ·. ! •, .. :··· . 
. "" 
>. 
~ 
Iii 
~ 
~ •• i·•"'. .-., .-•• 
J ~ 
•'> --·---~-- ---·.··-·· ·-- ·-·~·-··-·····-···-"· ····-~ --~:- -- -----··-· --
' • 
I • • 
••• _ --• .; .. •• ·•:•l •r••' •·-··--:•·• •·~•-, •,·-•~··••·,~:.• • :"'.· ••'"."" '· --,.,•:·'••,:~·, •''''••••• "" ·-·•'• •·-·•·- -'"'·-~"· ·••·----·----• •• •·• • ~ 
.~ ..... -· --··- -·· .... -, _____ ... ~. _j 
'ii, 
;, 
.Q . ·--"----~- ·--'-"--· -.~_.;.:.__ ____ ___ 
--,-~ 
- -~ 
-- - ... - ~- • •• - - :«- - .... -~ 
~ - ·; 
~ .. ' 
- ·--· -·-·---------~---- - -·-··---·-·--···~ ...... 
-
... 
- - ·-~- .. -
- - - ...... --~- - _,.. .. 
. . ·; . ' - '. --.,, - --
-~--.:_: __ -===-----::-:---_ ·----------- -- --- ----.-- -•. · --·--·· ---- · - SEGJf-I()N~V=I---------- : · ·- -~---==-=-:::.....::-:__ __ :_:::. --=~: __ :_.:_:---:-==~--:-==.:.-:--:==-:.==~=~=~==- -.-.------=:_ -~::.:.:.:.::_~---=----i 
-----
--------·-····--
..... 
. . l 
. 
I 
' 
t 
I 
. I 
. ,· -~ 
.rv._; 
~ i 
-~ ~----, ·- ··- • ·: ., ----~ 1:. _ .. ,;., ••.. ' •• ". -· ••• ···- - ""'i . . -,; . . . - . . . .. ~.. ... . . .. -· - ~ .. ~ . ' 
THE ANGLE DEFINING THE DIRECTION OF MOTI-ON - ; I 
. ,, 
. 1 
. • • . • ----o-_ -.,.--..---------'ia - ------·~~-- __ ..__ ___ ····-·-·------·--- -·- ·-· ----------------------·-- -------·-· .. ------.--·----···- ·---------··· --··-- ·-·---·-----···-,. ----
IN A RANDOM WIND~ 
One~ p~actical applicatio~ of the t~e9ry of rockets 
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Finally, th-e. .. last two,in·t.egrais of (A-13) combine nicely t:o: 
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The value of (A-13) is oo.tained by adding (A-14)'.,· (A-15) 
(A-16), · (A-18), a'nd. (A-19}. · The result is shown in Section 
/ 
VI, equation (6-12). :~ . 
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